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ABSTRACT 


The name Sahnioxylon rajmahalense is here adopt- 
d for the petrified wood Homoxylon vajmahalense 
ahni, as the generic name Homoxylon was already 
sed by Hartig in 1848 for a different type of fossil 
rood belonging to the Abietineae. 

Two recently collected large specimens of Sahnio- 
ylon vajmahalense, throwing further light on the 
natomy of the secondary wood, are briefly des- 
ribed. Diagnosis of the genus Sahnioxylon is 
iven based on all the available information. 

A new species of Sahnioxylon, S. Andrewsii, is 
escribed on the basis of a specimen from Kulkipara 
ear Amrapara, in the Rajmahal Hills, Bihar. Com- 
arisons of the species have been made with Sahni- 
vylon vajmahalense, Cycadeoidea, Raumeria and 
olymbetes. 


INTRODUCTION 


N 1932 Professor B. Sahni described as 
Homoxylon rajmahalense an interesting 
petrified wood from an unknown locality 

1 the Rajmahal Hills, Bihar. There was, 
t that time, some doubt about the prove- 
ance of the specimen. However, several 
pecimens of Homoxylon rajmahalense have 
:cently been found at different localities 
1 the Rajmahal Hills ( BHARDWAJ, 1952; 
[su & Bose, 1952), and its occurrence in 
16 Rajmahal series is now definite. 

Professor Sahni believed Homoxylon raj- 
ahalense to be a fossil angiospermous wood 
evoid of vessels, and he compared it with 
1e modern homoxylous Magnoliaceae 
SAHNI, 1931, 1932). Gupta (1933, 1934) 
iggested that comparison was also possible 
ith the Bennettitales. Professor Sahni 
mself ( 1935, 1938) had not excluded this 
ssibility. Hsü and Bose (1952) com- 
red their specimens of Homoxylon raj- 
ahalense from Amarjola with Bucklandia 
id remarked, “...the comparison is so 
ose as to leave hardly any doubt about 
omoxylon rajmahalense being the secondary 
yod of a Bennettitalean plant ’’. In fact, 
ey even suggested that it may be identical 


with Bucklandia Sahnii. Bose remarked that 
its resemblance with H. rajmahalense was 
so close that on the basis of secondary wood 
alone it would be very difficult to distinguish 
between the two. 

Recently Dr. H. N. Andrews informed us 
about a paper published in 1848, in which 
Hartig gave an account of a fossil coniferous 
wood, Homoxylon Blasii, from the Creta- 
ceous of Wetteran, N. Germany. A photo- 
stat copy of this paper was kindly sent to us 
by Professor C. A. Arnold. Hartig had 
assigned Homoxylon Blasii to Abietineae 
while, as indicated above, Homoxylon raj- 
mahalense Sahni has been shown to be a 
Bennettitalean wood. It is thus evident that 
much before Professor Sahni described A. 
rajmahalense from the Rajmahal Hills, the 
generic name Homoxylon was applied by 
Hartig for a very different type of fossil 
wood and Dr. Andrews is of the opinion 
that a new generic name should be given 
to the Rajmahal wood. In view of this we 
are now adopting the name Sahnioxylon for 
Homoxylon Sahni. Consequently the species 
Homoxylon rajmahalense would now be 
known as Sahnioxylon rajmahalense. 


DIAGNOSIS OF THE GENUS 
SAHNIOXYLON NOM. NOV. 


Wood compact, characterized by sharply 
marked growth-rings and composed of tra- 
cheids and rays. Spring and autumn zones 
sharply marked under the microscope, 
autumn wood more developed than spring 
wood. Medullary rays numerous, crowded, 
1-4-seriate and 1-56 cells high. Pitting in 
the radial section most characteristic. Late 
wood possessing tracheids with multiseriate 
or biseriate, contiguous or separate bordered 
pits, early wood tracheids showing a wide 
range of pitting varying from scalariform to 
multiseriate, pore of pits elliptical. Pits in 
the field 1-12, pores elliptical. 


1. FURTHER OBSERVATIONS ON 
SAHNIOXYLON RAJMAHALENSE 


Professor Sahni’s type specimen was in- 
complete, giving only the details of secondary 
wood. But the specimens described by Hsü 
and Bose (1952), though fragile, were 
complete, having a fairly big pith, a broad 
zone of secondary xylem, phloem and bark, 
and furnished a more complete information 
about the anatomy of various regions of the 
stem. During a recent visit to the Raj- 
mahal Hills, one of us (SAH ) collected seve- 
ral large specimens, consisting of very weil- 
preserved secondary wood, showing a close 
general resemblance with Sahnioxylon raj- 
mahalense. However, two of these speci- 
mens show some characters which were not 
observed so far and are described below. 


Description of New Specimens 


Of the two specimens described here one 
was collected from Mandro, a new locality 
about nine miles south of Mirzachowki, and 
the other from Onthea. The specimen from 
Mandro (Pr. 1, Fic. 1) is a silicified block, 
21-2 cm. in its radial direction and 23-3 cm. 
across its maximum tangential width. The 
specimen from Onthea (PL. 1, Fic. 2) 
measures 16-2 cm. along its radial and 13 
cm. across its tangential width. Both the 
specimens are better preserved than the ones 
described earlier. From their appearance 
and size both the specimens are suggestive 
of fairly big trunks. The growth-rings are 
sharply marked in both, but they are more 
numerous and closely placed in the Mandro 
fossil while fewer and widely separated in 
the other. 

Transverse Sectton — The secondary xylem 
is chiefly composed of tracheids compactly 
arranged in radial rows and entirely devoid 
of vessels. Growth-rings sharply marked 
in both, but the spring wood zone is more 
developed in the Mandro wood. In the 
Mandro wood the cells of the spring wood 
tracheids are 3-4 times bigger than the 
cells of the autumn wood tracheid, while 
in the Onthea specimen the cells of both 
the spring and autumn wood appear to be 
almost equal in size. In other features 
both the woods are identical to Sahnioxylon 
rajmahalense. 

Tangential Section — Sections of specimen 
from both the places show well-preserved 
medullary rays. There is, however, some 
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variation to be seen in the two. In the 
Mandro fossil commonest rays are 2-seriate, 
1-seriate being frequent, and 3-seriate rare. 


The rays are crowded, 1-56 cells high, and | 


show characteristic variation in the height 
of individual rays ( Pr. 1, Fic. 3) as seen in 
the previously described specimen of S. 
rajmahalense. In the Onthea wood the 


medullary rays are mostly 1-seriate, 2- | 


seriate being rare. The rays are more 
crowded, 1-44 cells high, and separated by 
1-2 tracheids. 
uniform in length (Pr. 1, Fic. 4). 
Pitting on the tangential walls of the ray 
cells and the tracheids is not seen in the 
type specimen, while Hsii and Bose (loc. 
cit., p. 3, TEXT-FIG. 15 ) have observed some 
small bordered pits in the tangential walls 
of only the ray cells and not the tracheids. 
In the specimen from Mandro the tangential 


walls of the ray cells have several small | 


bordered pits ( PL. 1, Fic. 6; TEXT-FIG. 3) 
while the tracheids have 2-3 seriate bordered 
pits which are contiguous and flattened into 
polygons (Pr. 1, Fic. 5). The Onthea 
wood also shows pitting on the tangential 
walls of the ray cells as well as of the tra- 
cheids. The pits in the ray cells are small, 
oval and bordered ( TEXT-FIG. 2). Pits on 
the tracheids are small, oval, bordered 
and separate or contiguous ( TEXT-FIG. 1). 
Parenchymatous cells were also observed 
in the Mandro fossil. These are few, scat- 
tered, and are present as vertically elongated 
cells with slightly oblique septa ( TEXT- 
FIG. 4). 

Radial Section — The radial walls of the 
early wood tracheids of the Mandro speci- 
men show a wide range of pitting, very 
similar to Sahnioxylon rajmahalense. Nar- 
rower tracheids have 1-3 rows of small, 


circular or oval, bordered pits and pointed | 


end walls, while the wider ones have multi- 
seriate pits in 4-5 rows (Pr. 1, Fic. 8.) as 
well as scalariform bordered pits (Pr. 1, 
Fic. 7). The end walls of the wider tra- 
cheids are somewhat rounded. The pores 
of all the bordered pits are narrow, slit- 
like and usually horizontally placed. The 
late wood tracheids have one or two rows 
of small, circular, contiguous or separate 


bordered pits; when biseriate, these may be | 


opposite, sub-opposite or alternate. The 


They are usually long and | 


Onthea wood, however, almost always shows | 
scalariform and transitional types of pitting | 


in the spring wood tracheids, the multi- | 


seriate type being extremely rare. No 
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TEXT-FIGS. 1-7 — Sahnioxylon vajmahalense ( Sahni ) Comb. nov. 


1, tangential walis of the tracheids 


of Onthea wood showing small, scattered bordered pits. x 400. 2, ray cells of Onthea wood showing 


pits in the tangential walls. x 400. 
in the tangential walls. x 400. 


3, ray celis of Mandro wood in tangential section showing bordered pits 
4, parenchyma cells in tangential section of Mandro wood. x 100. 


5, 6, bordered pits in the field, in Mandro wood, with elliptical and horizontally piaced pores.x 400. 
7, bordered pits in the field, in Onthea wood, with elliptical and inclined pores. x 400. 


pitting has been observed in the autumn 
wood tracheids. 

Pits in the field are fairly well preserved 
in both the specimens. In the Mandro fossil 
there are 2-12, mostly 6-10, bordered pits 
with narrow and usually horizontally elongat- 
2d pores ( PL. 1, Fic. 9; TEXT-FIGS. 5, 6). 
[11 the specimen from Onthea they are 2-6. 
The pores are narrow, slit-like but inclined 
at an angle ( Pr. 1, Fic. 10; TEXT-FIG. 7). 


Giant and commissural cells, similar to 
the ones described by Professor Sahni, were 
observed in the specimens from both the 
localities. 


Discussion 


From the foregoing description it is ap- 
parent that the Mandro specimen is com- 
pletely in conformity with the already known 
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description of Sahmoxylon rajmahalense. 
However, it gives further information about 
threeimportant characters. Firstly, that the 
xylem rays may be as much as 56 cells in 
height. Secondly, it shows the pitting on 
the tangential walls of the tracheids, a 
character not known so far. And lastly, it 
indicates the presence of xylem parenchyma 
in the secondary wood. 

The specimen from Onthea, though simi- 
lar in general, shows the following differences 
in detailed comparison. While in other spe- 
cimens of Sahnioxylon rajmahalense the 
tracheids of the spring wood in transverse 
section look 3-4 times bigger than those of 
the autumn wood, there is not much differ- 
ence in size of the corresponding cells of the 
Onthea specimen. In most of the other 
specimens majority of the rays are 2-seriate 
in tangential view, 1-3-seriate being frequent 
and 4-seriate rare; in the Onthea specimens 
1-seriate are the commonest, 2-seriate being 
rare and 3-seriate hardly present. While 
these rays in other specimens are a charac- 
teristic mixture of short and long ones, in 
the Onthea specimen they are mostly long, 
the short ones being comparatively few. 
A seemingly important difference is notice- 
able in the radial section. In other speci- 
mens the pitting of the tracheids of the 
spring wood varies from scalariform to 
multiseriate bordered pits. The pits in 
the field are 1-12, mostly more than 6, with 
narrow slit-like pores usually horizontally 
placed. In the Onthea specimen the radial 
pitting on the tracheids is almost always of 
the scalariform type with intermediate type 
frequent and the multiseriate pits being ex- 
tremely rare. Pits in the field do not ex- 
ceed 6 in number and their narrow, slit- 
like pores are obliquely placed. 

Our present knowledge of the species of 
Sahnioxylon is not wide enough to estimate 
the value of the above differences in relation 
to specific identification. The most import- 
ant difference seems to be the predominance 
of scalarıform pitting in the radial walls 
of the spring wood tracheids in the Onthea 
specimen, but here, too, the multiseriate 
pits are not altogether absent. Moreover, 
so far we have only a single specimen of the 
different-looking wood from Onthea, which 
itself is incomplete and insufficient for a 
thorough comparison needed for separating 
it into a different species. In view of these 
considerations, we are for the present in- 
cluding it in Sahmoxylon rajmahalense as a 


variety of the same species. When more 
and better specimens similar to the Onthea 
wood are available, this view can be revised. 


2. SAHNIOXYLON ANDREWSII SP. NOV. 


In November 1950 one of us ( BOSE) 
collected a number of Jurassic plants from 
Kulkipara, near Amrapara, in the Rajmahal 


Hills, Bihar. Among these there is a speci-. 


men of a petrified stem which looks consider- 
ably similar to S. rajmahalense. However, 
on a closer examination it shows certain 
differences which preclude the possibility 
of its belonging to the same species. There- 
fore, it is described in this paper as a new 
species. We have much pleasure in naming 
it after Dr. H. N. Andrews of Washington 
University, St. Louis. 


Description 


The specimen is about 6 cm. long and 6-5 
cm. in diameter. It consists of only a very 
narrow pith surrounded by a compact 
secondary wood with growth-rings (Pr. 2, 
Fic. 11). The bark is not preserved. With 
the naked eye the pith is hardly to be de- 
tected and the pith cells are not well pre- 
served. The growth-rings are found to be 
very well marked and the pitting in the 
secondary wood is clearly seen, 

Transverse Section — The transverse sec- 
tion is indistinguishable from that of a gym- 
nospermous wood. The pith, about 3 mm. 
in diameter, consists mostly of large, thick- 
walled isodiametric cells. There are no 
sclerotic nests as seen in S. rajmahalense 
( Hsü & Bose, 1952), but some of the cells 
here have dark contents in them. Round 
the pith is the xylem with 24 clear growth- 
rings, consisting of tracheids and rays only. 
The primary xylem is endarch and not clear- 
ly recognizable in transverse section. The 
cells of the primary xylem are mostly poly- 
gonal and thin-walled. The tracheids of 
the secondary wood are quadrangular in 
section and compactly arranged in radial 
series. The autumn wood is more strongly 
developed than the spring wood. The 
tracheids of the spring wood have bigger 
diameter and are thinner-walled than those 
of the late wood (Pr. 2, Fie: 112). Beth 
uniseriate and multiseriate rays are present. 
Xylem parenchyma is not visible. 

Tangential Section— The general shape 
and distribution of medullary rays are very 
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TEXT-FIGS. 8-18 — Sahnioxylon Andrewsii sp. nov. 
section showing uni- "to multiseriate bordered pits. 


13-18, one to six pits in the field. All x 400. 


similar to those of Sahnioxylon rajmahal- 
ense ( PL. 2, Fic. 13). The medullary rays 
are 1-46 cells high, mostly biseriate, fre- 
quently uniseriate and rarely triseriate. The 
commonest rays are biseriate and they are 
between 10 and 30 cells high. Tangential 
pitting in the ray cells or the tracheids is not 
seen. 

Radial Section — The radial section of 
the wood shows, to some extent, the details 
in the structure of the tracheids and the 


8-11, part of early wood tracheids in radial 
12, a tracheid showing scalariform pitting. 


medullary rays. The pith cells in radial 
section are not clearly seen. They are 
thick-walled and are rectangular, closely 
compressed in vertical series. The primary 
xylem is formed of slender tracheids with 
spiral thickenings. In the secondary wood 
the pitting is only preserved in the spring 
wood and very rarely in the autumn wood 
next to it. In the spring wood, unlike the 
spring wood of S. rajmahalense, there is not 
much variation in the shape and arrangement 
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of the pits. They are mostly multiseriate 
and rarely uniseriate. When multiseriate 
(PE. 2;Fies 14, Texerics 10 11 ), they 
show numerous small, round-bordered pits, 
crowded in 2-3 series, very rarely 4. The 
pits cover nearly the whole width of the wall 
and are mostly round, sometimes slightly 
elliptic and either separate or contiguous. 
The arrangement is either alternate or sub- 
opposite. The pore is large and broadly 
elliptic. The bordered pits, when uniseriate, 
are either circular or oval and are either 
separate or contiguous (PL. 2, Fic. 16; 
TEXT-FIG. 8). Scalariform pitting is very 
rare; it is seen only at places near the pri- 
mary xylem ( PL. 2, Fics. 15, 16), otherwise 
it is completely missing. Mixed with the 
multiseriate bordered pits at places, transi- 
tional stages are also met with ( TEXT-FIG. 
12). Inthe autumn wood the pits are most- 
ly not preserved. When preserved, they are 
generally uniseriate, bordered, circular or 
slightly flattened and separate or conti- 
guous (Pr. 2, Fic. 17). The pore is fairly 
big and slightly inclined. 

The medullary rays are thick-walled and 
the cells are rectangular. The pits in the 
field are small, circular and bordered. Their 
number varies from 1 to 6 ( TEXT-FIGS. 
13-17). Frequently a single large pit 
occupies the field (TEXT-FIG. 18). The 
arrangement and inclination of pores are 
not fixed. 


Comparisons 


In cross-section and in tangential section 
of the wood our species resembles very 
much Sahnioxylon rajmahalense in having 
clearly marked annual rings, quadrangular 
tracheids compactly arranged in radial 
rows, spring wood much less developed 
than the autumn wood, cells of the spring 
wood bigger in diameter and thin-walled 
than those of the autumn wood. 

However, it differs from S. vajmahal- 
ense ( HSÜ & Bose, 1952) in having a very 
narrow pith and in the absence of sclerotic 
nests which are present in abundance in the 
parenchymatous cells of the pith of the 
latter species. The main difference, how- 
ever, exists in the radial section of the two. 
The tracheids of the spring wood of S. raj- 
mahalense show multiseriate circular pits as 
well as scalariform bordered pits, with 
several transitional stages between these 
two types; while in S. Andrewsii multi- 


seriate bordered pits are the commonest, 
transitional stages are very rare, and scalari- 
form bordered pits are present only near 
the primary xylem. In S. rajmahalense the 
bordered pits are 4 to 6-seriate, whereas 
in S. Andrewsii they are 2 to 3-seriate, rarely 
4-seriate. No giant cells and commissural 
parenchyma have been noticed in the present | 
species, but they are common in S. raj- | 
mahalense. In S. rajmahalense the medul- 
lary rays have scattered parenchyma, but 
they are entirely absent in the present species. 

S. Andrewsii shows some close resem- 
blance to some of the fossil cycadean stems, 
especially with some of the species of Buck- 
landia. B. Sahnii Bose, which is known to 
be quite near S. vajmahalense, resembles S. 
Andrewsii in the nature of the tracheids and 
medullary rays in cross-section as well as 
tangential section. But it differs chiefly in 
its radial view. 8. Sahni has scalariforin 
pitting in the majority of the spring wood 
tracheids with transitional stages occurring 
between them, multiseriate round-bordered 
pits are also met with, and these, when 
present, are nearer the primary xylem. The 
pith in B. Sahnii is fairly broad and numer- 
ous thick-walled cells are present in the pith, 
whereas in S. Andrewsi the pith is very 
narrow and there are no such thick-walled 
cells. B. indica Seward shows resem- 
blance with S. Andrewsii in having multi- 
seriate bordered pits on the radial walls of 
the tracheids. There is, however, no sca- 
lariform pitting in B. indica, while in S. 
Andrewsir this character is seen. The me- 
dullary rays in B. indica are uniseriate, but 
in our specimen they are uni- to multi- 
seriate. 

The other important genera which show 
points of similarity with S. Andrewsii, but to 
a lesser extent, are Cycadeoidea, Raumeria 
and Colymbetes. In most of the Cycadeoideas 
the secondary xylem is formed mainly of tra- 
cheids with scalariform pitting; in S. Andrew- 
sit multiseriate bordered pits are the common- 
est type present. However, in individual 
features our plant resembles a few species, 
e.g. C. micromyele Lignier and C. Dartoni. 
Both C. micromyele and C. Dartoni have tra- 
cheids with bordered and scalariform pits 
on their radial wall. The medullary rays in 
C. micromyele are uniseriate and 7-29 cells 
deep, but in S. Andrewsii they are uni- to 
triseriate and are 1-46 cells high. Rau- 
meria Reichenbachiana Goeppert like S. 
Andrewsii has scalariform bordered pits in 
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addition to multiseriate bordered pits. But 
in R. Reichenbachiana scalariform pitting is 
more common, and the medullary rays here 
are much less deep than in S. Andrewsii. 
Colymbetes Edwardsi Stopes has also pits of 
various types ranging from circular, oval to 
scalariform, but the medullary rays here are 
biseriate and 4-30 cells deep. 
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EXPLANATION OF PLATES 


PLATE 1 
Sahnioxylon vajmahalense (Sahni) comb, nov. 


1. Specimen from Mandro showing crowded and 
narrowly separated growth-rings. Reg. No. 2628. 
Slightly less than x +. 

2. Specimen from Onthea showing fewer and 
widely separated growth-rings. Reg. No. 4375. 
> 

3. Tangential section showing the comparative 
size of the medullary rays. Specimen No. 2628. 
x PAS 

4. Tangentialsection showing uniseriate and com- 
monly long medullary rays. Specimen No. 4375. 
PR 


5. Biseriate contiguous pits on the tangential 
walls of the tracheids. Specimen No. 2628. x 60. 

6. Bordered pits on the tangential wall of a 
ray cell. Specimen No. 2628. x 640. 

7. Radial section showing scalariform pitting 
in a spring wood tracheid. Specimen No. 2628. 
x 340. 

8. Radial section showing multiseriate cir- 
cular bordered pits with narrow elliptical pores in 
a spring wood tracheid. Specimen No. 2628. x 380. 

9. Radial section showing 8-12 pits in the 
field with narrow and horizontally placed pores. 
Specimen No. 2628. x 500. 

10. Radial section showing 4-6 pits in the”field 
with narrow slit-like and inclined pores. Specimen 
No. 4375. x 500. 
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PLATE 2 


Sahnioxylon Andrewsii sp. nov. 
( Reg. No. 3659) 


11. Holotype showing a narrow pith and sharply 
marked growth-rings. Natural size. 

12. Transverse section showing well-marked 
growth-rings. x 70. 

13. Tangential section showing the general distri- 
bution of the uniseriate and multiseriate medul- 
lary rays. x 70. 


14. Radial section showing multiseriate border- 
ed pits. x 160. 

15. Radial section showing the scalariform meta- 
xylem. x 70. 

16. Radial section showing scalariform pitting 
in a tracheid and also uniseriate bordered pits. 
x 340. 

17. Radial section showing the uniseriate border- 
ed pits. x 720. 

18. Radial section showing the multiseriate 
round-bordered pits and the pits in field. x 380. 
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ON A FRUCTIFICATION FROM THE INTERTRAPPEAN FLORA 
OF THE MADHYA PRADESH, INDIA 


SD CHITALEY 
University of Reading, U.K. 


ABSTRACT 


A new specimen identical with Viracarpon hexa- 


spermum Sahni is investigated and described in detail. 


The stalked axis of the fructification bears sessile, 
ebracteate fruits in close vertical rows; the indivi- 
dual fruits are six-angular, six-carpellary and hexa- 
locular with a single pendulous seed in each loculus; 
the fruit top has depressions and bears a crown of 
hairy spines. Comparison with the modern families 
shows that this monocotyledonous genus is an 
extinct one, and does not readily fall into any 
existing family. 


INTRODUCTION 


carpon hexaspermum Sahni in as much 
detail as possible. V. hexaspermum 
is only known from some _ preliminary 
descriptions by Sahni ( 1934 and 1944). All 
the specimens studied here come from the 
village Mohgaon-Kalan which lies on the 
latitude 22:1. N. and longitude 79-11'18’E. 
in the Chhindwara district of the Madhya 
Pradesh, India (SAHNI & 1२०05, 1937). 
Here are some outcrops of the Deccan Inter- 
trappean Series. In 1949 the author col- 
lected a loose piece of chert exhibiting two 
petrified fruits from a field in the north- 
west of the village. These specimens of 
fructifications were exposed on the chert in 
oblique longitudinal sections resembling each 
other in appearance. After sectioning the 
chert into two, one more specimen (No. 3 ) 
was discovered embedded inside. All these 
three specimens of fructifications were studied 
and found to be one and the same in external 
features, size and general appearance. 
Age — The age of the Deccan Intertrap- 
pean Series of this region is believed to be 
Eocene ( SAHNI, 1940; SAHNI & RODE, 1937; 
Rama Rao, 1936). 


TRE paper describes some fruits of Vira- 


DIAGNOSIS OF THE GENUS 


Pedunculate, spiny, aggregate fructifica- 
tion consisting of a central, unbranched axis 
continuous with peduncle and bearing crowd- 
ed fruits in longitudinal rows. Fruits sessile, 


ebracteate. Individual fruit prism-shaped, 
6-angular with 6 equal loculi round a central 
core; each loculus containing one pendulous 
seed. Top of ovary wall bearing projecting 
spines. Peduncle with monocotyledonous 
scattered bundles. 


DIAGNOSIS OF THE SPECIES 


Peduncle 17 x 2:5 mm. Body of fructifica- 
tion 30x 19 mm. (excluding spines). In- 
dividual fruits arranged on fructification axis 
in 8 or more vertical rows, each row con- 
taining at least 5 fruits. Individual fruit 
5x5 mm. in size, with a crown of 12 long, 
narrow, hairy, straight spines in two whorls, 
projecting outwards in plane roughly radial 
to fructification axis; members of two ad- 
joining whorls are opposite each other in 
six radial planes on the top of the fruit, 
fusing at base and free for rest of the length. 
Each spine at least 15 x 0-75 mm. covered 
with more or less straight unicellular hairs, 
each at least 2-5 mm. in length. Fruit-wall 
and fruit-core with heavily thickened fibres. 
Inner epidermis of fruit-wall consisting of 
cells with thick sinuous walls in surface view. 
Top of fruit marked with a central depression 
surrounded by 6 others in plane of septa, 
these surrounded by 6 others also in plane 
of septa. Seed 3x 1-5 mm. Inner ring of 
vascular bundles in peduncle, comprising 
about nine bundles; central pith aeren- 
chymatous. 


DESCRIPTION 


The three specimens, now deposited in the 
Geological Survey of India, are numbered 
1, 2 and 3 in the following description. The 
size of the fructification is exactly the same 
(30 x 19 mm.) in all. No. 1 has a stalk at 
least 17 x 2-0 mm. and No. 3 has a stalk at 
least 17x 2-5 mm. The stalk of No. 2 is 
unknown. No. 3 proved the best and the 
following account is based primarily on it. 
A preliminary report of the fructification 
was given by me in 1954 ( CHITALEY, 1954), 
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TEXT-FIG. 1 
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The specimen ( No. 3 ) was originally exposed 
in a cut which happened to be obliquely 
tangential to it. 

Arrangement of the Individual Fruits on 


the Fructification Axis — Four longitudinal. 


rows are apparent in the section shown in 
Fig. 1, B. There must, therefore, be at least 
eight rows. Another view at a rather deeper 
level suggests that there may be twelve or 
more rows ( but Sahni’s Fig. 26, 1944, sug- 
gests about eight ). There is some evidence 
that the fruits are borne in alternating 
whorls (TEXT-FIG. 1, B & E). Allowing 
for the obliquity of the top and bottom 
fruits, there is room for about 6-7 fruits in 
each vertical row. 

Axis of the Fructification — The axis of the 
fructification is in continuation with the 
stalk or the peduncle and is elongated, broad 
in the middle part and tapering at both ends. 
It measures about 25 mm. in length and the 
diameter varies from 5 mm. at the base to 
9 mm. in the middle part. The oblique 
longitudinal section of the axis shows the 
scattered vascular bundles running longi- 
tudinally (TEXT-FIG. 1, B), each with a thick 
fibrous sheath. There is much soft tissue in 
the centre of compact parenchymatous cells 
with a few isolated thickened cells. 

Axıs of the Individual Fruit — The fruits 
are ebracteate, and virtually sessile and so 
the “ fruit axis”’ is merely the region of 
transition from the fructification core into 
the base of the ovary. In T.S., i.e. a deep 
tangential section of the whole fructification 
the tissue is highly fibrous. Two vascular 
bundles lie underneath the inner end of each 
loculus and there are a few others inside 
these ( TEXT-FIG. 1, E). I could not trace 
the origin of the vascular bundle which lies 
in the ridge of the fruit-wall, because the 
preservation of the base of the fruit is very 
poor. 

Fruit as a Whole — The fruit is roughly 
cylindrical with six equally deep grooves 


extending about half way to the centre. 
These grooves become less deep at the top 
of the ovary ( TExT-FIc. 2, H). The six 
portions of the ovary which I describe as 
carpels are thus fused. They are of equal 
size. At the top of the ovary the tissue 
becomes massive and densely fibrous; its 
form is complex, as explained later. Between 
the six loculi ( TEXT-FIG. 2, K & L) there is 
a considerable central core which is largely 
fibrous with compact parenchymatous cells 
in between. 

There is no clear evidence of the existence 
of the perianth, but it is possible that the 
flanges ( TEXT-FIG. 2, D-F ) at the base of 
the outer spines are of this nature. 

No stigma or style has been recognized. 

Fruit-wall — The outer wall, which is 
moderately well preserved, is composed of 
two zones ( TEXT-FIG. 1, G) the outer of 
which is illustrated in Text-fig. 1, F, where 
I have labelled all the cell layers I could see 
in the transverse section. As the preserva- 
tion is poor, I cannot be sure that the tissues 
are all rightly identified. In a longitudinal 
section of the same zone, the large and small 
fibres are both seen to be strongly elongated. 
At the lateral corners of the carpel, the tissue 
is much the same, but there are in addition 
some inner small fibres. There is probably 
a small vascular bundle at each of these 
angles. Inside the above zone there is a 
small gap ( TEXT-FIG. 1, G) which is cons- 
tantly present. This may be original or else 
caused by shrinkage or decay of tissue. Then 
follows a zone of rather uniform fibres ( TEXT- 
FIG. 1, G) which, again, are elongated in 
L.S. This zone becomes thinner and joins 
the outer part of the fruit-wall at the sides 
of the furrows. The innermost layer is an 
epidermis formed by cells with thick, sinuous 
walls. This is seen in surface view in Text- 
figa2ac. d 

Spines — The spines are clearly seen in ra- 
dial L.S. of the fructification ( TEXT-FIG.1,C), 


an 


TEXT-FIG. 1— A, small portion of spine showing attachment of hairs. x 15 (Slide 1). B, obique 


L.S. of fructification showing arrangement of individual fruits. x 3 (deeper section in Slide 1). 
C, oblique L.S. through two fruits showing long, straight hairy spines and cap of yellow tissue ( white 
dotted ) inside seeds. x 5 (Slide 1). D, single complete unicellular hair. x 20 (Slide 1). E, deep 
tangential section of fructification showing three fruits; two of them show vascular bundles in axis. 
x 4 (deeper section in Slide 1). F, part of outer zone of fruit-wall: (a) outer layer? epidermis; 
(b) heavily thickened small fibres; (c) heavily thickened large fibres; (d) layers of parenchymatous cells; 
(e) fibres seen at lateral angles of carpel. x 500 (Slide 2). G, T.S. of single carpel with parts 
of two neighbours and a portion of the central core: (a) outer zone of fruit wall; (b) inner zone; 
(c) portion of cap of seed; (d) fibrovascular bundles; (e) depressions of ovary top in central core of 
Zenit, >< 20 (Slide 2). 
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TEXT-FIG. 2 
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but are most satisfactorily followed in 
serial oblique sections of the fruit ( TEXT- 
FIG. 2, E-L), 1.6. tangential section of the 
whole fructification. They arise in pairs, one 
inside the other and point outwards, the 
group from one fruit diverging very slightly. 
They are almost perfectly straight and taper 
towards the apex, and as they are appa- 
rently very stiff, they must have been formid- 
able spines. In transverse section through 
the middle they are seen composed almost 
entirely of fibres at the centre surrounded 
by parenchymatous cells, but near the base 
the vascular bundles become conspicuous 
(one for the outer, four for the inner ) 
BIEXT-FIG. 2, D). 

Attachment of Spines to the Top of the 
Ovary— The outer spine is an extension of 
the ridge at the outside of each carpel wall. 
The inner one springs above the middle 
of each loculus. At the base of the outer 
spine, a flange is seen in 1.5. ( TEXT-FIG. 2, 
D-F), formed by an upward extension 
of the carpel wall. The base of the outer 
spine is joined by a ridge to the base of 
the inner spine ( TEXT-FIG. 2, A). 

Hairs on the Spines — The spines are 
thickly covered with hairs which stand 
roughly at right angles to the spine ( TEXT- 
FIG. 1, A & C). Hairs are unicellular and 
have very thick walls and are often nearly 
straight ( TEXT-FIG. 1, D). The preserva- 
tion is remarkably good and they thus form 
a characteristic feature of the fructification. 

Depressions at the Top of the Ovary Wall — 
Transverse sections of the top of the ovary 
at slightly different levels show very different 
appearances caused by depressions between 
the ridges uniting the bases of the spines. 
I have tried to make the nature of these 


clear in my reconstruction (TEXT-FIG. 2, A). 
Serial sections ( TEXT-FIG. 2, E-L) make it 
clear that what appears as closed cavities are 
mere depressions open on the outside. 

Seed — Some loculi of the fruit contain a 
large sac-like membrane filling the loculus, 
which I regard as a single seed. Others 
contain a small sac which I regard as an 
abortive seed and still others finely divided 
fragments of other tissues, resulting from 
some sort of decay. The seed shown in 
Text-fig. 2, B, has a thin surface membrane 
which at high magnification can be seen to 
consist of at least two distinct layers close 
together. Something of the same layers are 
seen in transverse sections, but no details of 
cells can be given. The seed, that is these 
membranes, is free from the ovary wall 
except at the top of the loculus. At the 
apex of the seed there is a conspicuous patch 
of yellow tissue which lies inside the seed 
membrane. The yellow tissue is in the 
form of a hollow cap (TExt-Fics. 1, C & 2, 13) 
with the opening facing interior of the seed. 
The nature of this cap is unknown. 

Inside this seed membrane there is often 
a mass of spherical crystals looking rather 
like cells, but I presume they apparently are 
of mineral origin. In a few seeds there are 
shreds of parenchymatous cells, but I cannot 
say whether they belong to embryo or endo- 
sperm. 

Structure of the Stalk or the Peduncle of the 
Fructification — The transverse section of 
the peduncle ( TEXT-FIG. 3, A) shows an 
outer zone with vascular bundles and an 
inner zone of parenchyma. The central 
parenchyma shows large air spaces and is a 
typical aerenchyma ( TEXT-FIG. 3, B). In 
the vascular zone the bundles are arranged 


— 


TEXT-FIG. 2 — A, reconstruction of top of fruit. x 12. 


The spines are shown cut off at about है mm. 


ıbove their bases: (a) one of six inner depressions surrounding central depression; (b) flange of outer 
spine; (c) ridge connecting flanges of outer spines. B, L.S. through a loculus enclosing a seed; seed coat 
is indicated by a line except at the apex where it encloses the yellowish cap (white spotted). x 8 
(Slide 1). C, cells from inner epidermis of fruit-wall in tangential section with a few hypodermal; 
fibres below. x 150 (Slide 1). D, T.S. at base of spines, the inner (above) with 4 vascular bundles 
the outer ( below) with one main one and others in flange. x 20 (later section in Slide 2). E-L, sec- 
tions selected from a series of 18, cut obliquely through one fruit. The top of each drawing is at 
about 2-5 mm. deeper than the bottom. Drawings x 5 (final section in Slide 2). E, at 3-71 mm. the 
nner and outer spines are already uniting (union was first seen at 4:28 mm.). Flanges are present. 
F, at 3-57 mm. the ridges at the sides of the inner spines are uniting around the central depression. 
5, at 3-42 the inner six and outer six depressions are being separated. H, at 3:08 mm. the flanges 
wre uniting and a loculus is becoming visible (stippled ), the central depression now disappears. I, at 
2-83 mm. three loculi now visible; two of the inner six depressions have disappeared and two new ones 
visible; the last pair of spines uniting. J, at 2:63 mm. two more inner depressions have disappeared. 
K, at 2:44 mm. two more loculi appear. L, at 1:87 mm. all loculi now seen ( the septa above have been 
lestroyed in preservation ). 
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TEXT-F1G. 3 — A, T.S. of peduncle showing arrangement of vascular bundles. x 20 (Slide 3). 


B, aerenchymatous pith of peduncle. x 150 (Slide 3). 


C, single vascular bundle with bundle sheath; 


two metaxylem vessels are clear; phloem badly preserved. x 250 (Slide 3). 


in a rather definite inner ring of nine large 
ones surrounded by smaller ones which are 
more numerous and scattered. The outer- 
most ones are very small. The ground tissue 
of the vascular zone is almost entirely fibrous 
at the outside, but there is some parenchyma 
between inner bundles. Each vascular bundle 
( TEXT-FIG. 3, ५) is collateral, endarch and 
without any secondary thickening. The wide 
outer part of the bundle which I presume 
includes the phloem is very badly preserved. 
But the metaxylem is represented by two 
large vessels and is separate from the phloem 
by a few thick-walled cells. The epidermis 
was not recognized. No surface hairs were 
seen. 


DISCUSSION 
Identification of the Specimen 


Hislop and Hunter had collected specimens 
which were labelled “ Aroid fruit from Takli, 


recd. from Rev. S. H., Oct. 1860”. Others 
were labelled “ Fruit of sp. No. 47, Takli ” 
and “ six-seeded elongate fruit from Takli ” 
(SAHNI, 1944). 
In 1853 Hislop briefly described them as 
... and the other genus bearing a distant 
resemblance to a mulberry, having, however, 
the seeds in each vessel symmetrically dis- 
posed in sixes. This latter genus contains 
two species: one that must have had a rich 
purple pulp was upwards of an inch in length 
and half an inch in breadth and the other 
extended to 2 inches long with a breadth not 
exceeding है of an inch ” ( HisLop, 1853 ). 
In 1861 he added some more information | 
as ‘ To the fruits there have been few addi- 
tions since the publication of the Memoir | 
submitted to the Bombay Asiatic Society in | 
1853. One or two new species have been | 
found of the compound fruits; which were 
believed to belong to the Aroideae and to. 
approach nearest to the genus Pothos or 
Scindapsus’”’ ( HisLor, 1861 ) 


ce 
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Sahni, in 1934, mentioned the first of these 
specimens of Hislop and Hunter under the 
name Viracarpon hexaspermum but without 
any figure or description. It was briefly 
mentioned in 1938 and again in 1940 with a 
photo ( SAHNI, 1934; 1938; 1940). 

In 1944 he distinguished the two of His- 
lop’s fructifications as V. hexaspermum and 
V. elongatum respectively. He gave figures 
and brief description of both. This account 
constitutes a valid description of the genus 
and species which thus date from 1944. At 
the same time he figured another fructifica- 
tion as V.? hexaspermum (SAHNI, 1944), 
which I belive is V. hexaspermum. 

V. elongatum differs from V. hexaspermum, 
as defined by Sahni, in its narrow fructifica- 
tion (4 mm. as against 13 mm.). The indi- 
vidual fruits are also smaller. V. elongatum, 
which is very incompletely known, will not 
be discussed further here as the present 
material does not approach it. 

V.? hexaspermum of Sahni provides a 
stalk at least 30 x 2 mm. and information 
about the top of the ovary which shows six 
ridges converging to the centre but ending 
before it. These are plainly the “ spines ” 
mentioned by Sahni as “ From... centre ” 
(SAHNI, 1944). Both fructifications are in- 
complete, but their widths are probably 
similar (up to 13 mm. in V. hexaspermum, 
at least 10 mm. in V.? hexaspermum). The 
individual fruits are just the same in size at 
their apex, i.e. about 5mm. wide. I conclude 
that Sahni’s V.? hexaspermum is to be identi- 
fied with V. hexaspermum and is merely a 
specimen in a different state of preservation. 
I have, therefore, put together the characters 
of V. hexaspermum and V.? hexaspermum and 
compared the whole species with my specimen 
in Table 1. 


15 


As will be seen, the knowledge of the 
present fructification does not correspond 
fully with that of V. hexaspermum as des- 
cribed by Sahni, but for all that the agree- 
ment is impressive. Some of the dimensions 
given in the table are taken from Sahni’s 
text and others from his figures. The only 
apparent differences, however, are that 
Sahni’s fructification is smaller and the free 
spines were not observed. Sahni’s Fig. 25 
( SAHNI, 1944 ) indicates a specimen at least 
16 mm. wide, though his sections indicate 
one only 13 mm. and the fructification called 
V.? hexaspermum is possibly only 10. I do 
not regard these differences as important 
and accordingly I identify my specimen as 
V. hexaspermum. 

Shukla’s specimen (SHUKLA, 1944) is a 
longitudinally broken fruit with part of its 
stalk. The figure shows the aggregate fruit 
to be about 19 mm. thick. The length of 
the aggregate fruit is not completely shown, 
but exceeds 25 mm. (without stalk). The 
individual fruits appear to be about 5 mm. 
wide which is the same as in V. hexaspermum. 
Free spines are clearly visible in the matrix. 
The agreement with my material of V. hexa- 
spermum is perfect. 


AFFINITIES 


We have information only about the female 
fructification, the individual fruits, a little 
about the seeds, and the peduncle. The 
peduncle shows structure which is typically 
monocotyledonous, and I will assume that 
Viracarpon hexaspermum is a monocotyledon 
and will limit my comparison with mono- 
cotyledonous families ( ENGLER & PRANTL, 
1889). Many of these families have cylin- 
drical aggregate fruits so that this, by itself, 


TABLE 1 


ORGAN 


Stalk of fructification 30x 2 mm. 


Length and width of body of fructification 


V. hexaspermum 


At least 21 mm. long x10-13:2 or 


PRESENT SPECIMEN 


At least 17x2-2:5 mm. 
30x19 mm. 


possibly 16 mm. wide 


Central core of the fructification 5-6-6 mm. 


4x5 mm. 
3-3x1-2-1-5 mm. 


Dimensions of fruit 
Largest loculus of fruit 
Ridges on top of ovary 


Spines at top of fruit Not observed 


Six stopping short of central depres- 
sion about 1:0 mm. wide 


5 mm. at the lower end, 9 mm. at the 
middle end 


5x5 mm. 

3:5x2 mm. 

Six stopping short of central depression 
about 1-0-1-5 mm. wide 


Crown of long, narrow, tapering, straight 
hairy spines projecting outwards in planes 
roughly radial to fructification axis 


EEE 


16 


is not exclusive. On the other hand, rather 
few have ovaries with more than three carpels, 
which are united for their whole length. These 
include the members of the following only: 
Pandanaceae, Scheuchzeriaceae, Hydrocha- 
ritaceae, Cyclanthaceae and Araceae. 

Pandanaceae — Here there is a strong ten- 
dency to form a compact female fructifica- 
tion and as in Viracarpon the perianth is 
absent or of scales or bristles. Also as in 
Viracarpon there is one ovule in each loculus. 
An important difference is that the ovule is 
basal and ascending in each loculus while in 
Viracarpon it is pendulous from the apex. 

Scheuchzeriaceae — There are often six car- 
pels and they are often one-seeded though 
with a basal ovule. Important differences 
are that the fructification is not compact 
and each flower has a well-developed perianth 
or bract. 

Hydrocharitaceae have no such compact 
fructification, and the ovary differs greatly 
in being unilocular with parietal placenta- 
tion and many more ovules than the carpels. 

Cyclanthaceae have a compact fructifica- 
tion, but this is very different in its alter- 
nate zones of male and female flowers. The 
fruit is described as embedded in a fleshy 
disc, not at all as in Viracarpon. The unilocu- 
lar ovary has many seeds. 

Araceae — Here the ebracteate flowers are 
normally closely aggregate. There is great 
variety in the ovary. The carpels may be 
one-seeded, but are commonly fleshy and 
form berries. The gynaecium is so varied 
that comparison is rather difficult. The 
great majority of genera have less than six 
carpels, or if six, then this is merely one 
possible number among adjacent ovaries with 
fewer. Again, most genera show more than 
one ovule per loculus and the great majority 
have berry-like fruits and many otherwise 
slightly similar genera have staminodes 
around the ovary. I can find no similar 
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genus and the best that can be said is that 
individual characters of the Viracarpon ovary 
are to be found scattered among the genera 
of the Araceae. 

This means that the closest family is the 
Pandanaceae and the second is doubtfully 
the Araceae. The agreement with the Panda- 
naceae also is imperfect; a definite difference 
is in the apical attachment of the ovule in 
Viracarpon hexaspermum. The only Pan- 
danaceous ovary I have studied in detail, 
Pandanus odoratissimus, differs consider- 
ably in its far more massive construction 
with many more fibrovascular bundles. The 
ovaries are here in two rings and varied in 
number, but in other species they form a 
single ring and are fairly constant in number. 


In Pandanus spinifer ( WARBURG, 1900) the | 


styles are said to form spines, but I do not 


consider that the spines or at least the outer | 


ones of Viracarpon are likely to be styles. 


In Pandanus furcatus ( WARBURG, 1900 ) the 
spines are furcate but forked in a very 


different way. 


The evidence available is not enough to | 


place Viracarpon hexaspermum in any existing 
family though there are points of agreement 
in several and perhaps the most points with 
the Pandanaceae and after that with the 
Araceae. It clearly is an extinct genus, but 
only further facts can show whether it is an 
aberrant member of a known family or a 
member of an extinct family. 
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NOTES ON SOME JURASSIC PLANTS FROM THE RAJMAHAL 
HILLS, BIHAR, INDIA 


KM. GUPTA 
Jaswant College, Jodhpur 


ABSTRACT 


A few interesting plant impressions are described 
out of an old collection made by the author and his 
friends in 1934 from the Rajmahal Hills. Itincludes 
two new species of Rhizomopteris ( R. Sahni and R. 
vajmahalense ), one new species of Cladophlebis (C. 
Srivastavai ), one new species of Cycadeospermum 
(C. indicum), one new species of Coniferocaulon 
(C. rajmahalense ), and one new species of Cycado- 
lepis ( C. indica ). 

Besides an impression of a Williamsonia flower 
some cycadean seeds and stems have been figured. All 
the fossils are characteristic of the Rajmahal flora. 


INTRODUCTION 


Hills, a large collection of fossil plants 
was made by the author alone and 
also in the company of the late Professor 
B. P. Srivastava and Dr. H. S. Rao. The 
collection included petrifactions as well as 
impressions. The petrifactions were worked 
out by Srivastava (1945) and the impres- 
sions by me. The author published an 
abstract on these fossil impressions ( GUPTA, 
1936), but unfortunately detailed descrip- 
tions remained in the manuscript form 
which could not be published so far. There 
are, however, some specimens in the col- 
lection which are worthy of being recorded 
and these form the subject-matter of the 
present communication. In fact, the mate- 
rials for my papers on Williamsonia Sahnii 
(Gupta, 1943) and Hausmannia indica 
(in press ) too belong to this very collection. 
At that time many of the places from where 
the collections were made were also new; 
though since then these fossiliferous local- 
ities have been visited by many subsequent 
workers. These places had then yielded 
many well-known plant fossils, character- 
istic of the Rajmahal flora (see TABLE1). All 
or most of these are preserved at the Birbal 
Sahni Institute of Palaeobotany, Lucknow. 
Since the classical work of Oldham and 
Morris ( 1863 ) and Feistmantel ( 1877-1881 ) 
the only notable contributions to the study 
of fossil plants from the Jurassic of Rajmahal 
Hills are papers by the late Professor B. Sahni 
and his school of palaeobotanical workers. 


D गा excursions in the Rajmahal 


The locality K near Nipania has yielded 
by far the best material of silicified flora and 
whose investigation has contributed subs- 
tantially to our knowledge of the petrified 
flora of the Jurassic times in general and 
that of the Rajmahal Hills in particular. 


The recognition of a new group of fossil 


gymnosperms, namely Pentoxileae, by the 


late Professor Sahni (1948) was the last 


but not the least important publication 
from the pen of that doyen among the 
botanists of India. The latest reference to 
our knowledge of the Indian Jurassic flora 
is a review by Dr. R. V. Sitholey ( 1954) 
submitted at the last International Bota- 
nical Congress, Paris. A few of the more 


important plant impressions out of those old | 


collections are now described here. 


LOCALITIES 


1. G. Bartala, about a mile south-east of 
Mirzachowki, the exposure was differ- 
ent from the one described by Sahni 
and Rao ( 1933 ). 

2. 4. Nipania, at the head of a ravine, 
half a mile east of Nipania. 


3. K. Nipania, in an inlet valley on a {| 
footpath leading from Nipania to Bada- 
pahar towards Domarchir (see PL. 1, | 


Fie. 1): 


4. N. Paharpurchhota, about one-third of | 


a mile west of the main village. 


5. 0. Banchapa, same as described by | 


Sahni and Rao. 


6. R. and S. Saharpur and Rampur, five 
or six miles east of Amrapara, with | 


numerous exposures. 


7. W. Khairbani, same as described by । 
Sahni and Rao and lies to the west of । 


Banchapa. 


DESCRIPTION 


1. Rhizomopteris Sahnii sp. nov. 
Pil) 1, Figs: 2-5; Textes. 3a, b 
Specimens W. 5, 6, 7, 8 
Diagnosis — Impressions of creeping rhi- 
zomes, about 15 mm. broad, with no sign of 
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TABLE I— THE SPECIES THEN RECORDED FOR THE FIRST TIME FROM THE LOCALITIES NAMED 


SPECIES 
Equisetales 
1. Equisetites ( cf. E. rajmahalense) O & M. 
Filicales 


2. Gleichenites gleichenoides O & M. 
3. Sphenopteris Hislopi O & M. 

4. Cladophlebis indica O & M. 

5. Coniopteris hymenophylloides Brong. 
6. Hausmannia indica Gupta 


Cycadales 


7. Nilssonia fissa Fst. 
8. Taeniopteris spatulata McCl. 


9. T. McCllelandi O & M. 

. Ptilophyllum acutifolium O & M. 
. P. tenerrimum Fst. 

. Nilssonia princeps O & M. 

. Dictyozamites falcata Morr. 

. Williamsonia Sahnii Gupta 


Coniferales 


15. Araucarites cutchense Fst. 
16. Conites sp. 


17. Brachyphyllum sp. 


Incertae Sedis 
18. Silicified woods 


LOCALITIES REMARKS 


2 Mn 
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Nipaniophyllum 
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ES X un. x eee 
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x oo Really belongs to 
Pentoxyleae 
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forking; covered with numerous petiolar 
bases, measuring about 3-5 mm. across and 
almost circular in shape. Leaf traces rough- 
ly U-shaped with incurved margins, inner 
margin of the trace plicated, containing 
about 20 projections marking the position 
of the protoxylem; rhizomes covered with 
numerous irregularly disposed roots, the lat- 
ter arranging themselves somewhat con- 
centrically round the bases of the petioles. 
They may belong to Dipteridaceae or Mato- 
niaceae. 

The specimens described under this name, 
though somewhat fragmentary, are easily ref- 
arable to the artificial genus Rhizomopteris 
schimp. The genus includes twenty species 
)7. more belonging to different origin and 
rom different countries. 

The surface features of this creeping rhi- 
“ome which became somewhat flattened 
Jefore fossilization are clearly seen. There 
ire four blocks ( W. 5, 6, 7, 8) reproduced 
n natural size (Pr. 1, Fic. 2). They have 
he impressions of not less than five petiolar 
tumps and numerous roots that clothed 
he rhizomes. The rhizome is about 15 mm. 
road with no evident sign of forking as 
ound in R. Balli Fst. from the Atgarh Sand- 
tones ( FEISTMANTEL, 1877) or R. Schenki 
Nath. (1876) and R. cruciata Nath. ( 1906 ) 
rom the Rhaetic of Sweden. The latter 
pecies also possess a different petiolar struc- 


ture and show no definite arrangement of 
roots as in the present specimens. 

The rhizome, which is about 15 mm. 
broad as mentioned above, is covered all 
over with numerous round scars (PL. 1, 
Fics. 3-5). These scars, evidently left by 
adventitious roots, are arranged in an ir- 
regular manner except round the base of the 
petioles where a somewhat concentric ar- 
fangement: 1s. seen, (PE SL Hie.73))) The 
bases of the petioles were, so to speak, well 
protected by the roots. The central dot 
marking the position of the root stele is not 
clearly seen. 

The leaf trace supplying the fronds was 
roughly U-shaped with the free margins curv- 
ed inwards. The structure of the petiolar 
trace is very much like a matoniaceous leaf 
trace with numerous projections towards the 
inside (Pr. 1, Fics. 3, 4; TEXT-FIGS. 3a & 
3b). These projections, nearly twenty in 
number, probably mark the positions of 
the protoxylems. Somewhat similar scars 
described as eye-shaped on a stem known as 
Rhizomopterts chakshu were recorded by 
Ganju (1946). A comparison in general, 
however, can be made with R. Etheridgei Sew. 
from the Jurassic of Victoria (SEWARD, 
1904) and R. Gunni Sew. from the Juras- 
sic of Southerland ( SEWARD, 1911), but the 
detailed structure of the petiole is quite 
different in the two cases. 


20 


3a 


TEXT-FIGS. 1-3— 1, Cladophlebis Srivastavai sp. nov., a few pinnules showing the venation on the pinnae. 
2, Cladophlebis Srivastavai sp. nov., showing different abnormal types of pinnae on the main rachis 
3a and b, Rhizomopteris Sahnii sp. nov. Two of the petioles drawn to show 


(ci. Big, RE 2. ate): 


matoniaceous type of leaf trace. Diagrammatic. 


The locality from where these specimens 
are described abounds in ferns like Gleiche- 
nites, Marattiopsis, Sphenopteris, etc. An 
undoubted specimen of Hausmannia has 
been described by the present author from 
the same locality. But no definite opinion 
can be expressed as to the affinities of Rhizo- 
mopteris Sahni sp. nov. without further 
data, although its petiolar structure is simi- 
lar to Dipteris or Matonia. 


2. Rhizomopteris rajmahalense sp. nov. 
Pl. 2, Figs. 9, 10 
Specimen I. 43 


Diagnosis — Impressions of underground 
or aerial fern rhizomes, longitudinally groov- 
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3b 


ed, with numerous leaf scars. Each leaf scar 
5-20 mm. long and roughly C-shaped with 


curved and overlapping margins; leaf scars 


crowded on one side; possible root traces 
preserved at some places. Affinities un- 
known. 

The specimen here described, though 
somewhat puzzling, is undoubtedly filici- 
nean in its nature and can very well be des- 
cribed under Rhizomopteris Schimp. 
about 11 cm. long and 5 cm. broad in the 
broadest region. 


manner. 


ly lying rhizome, or the stem, seen in PI. 2, 


Lt wise} 


There are longitudinal | 
grooves which are interspersed with numer- | 
ous leaf traces, arranged in an irregular | 
The latter are roughly C-shaped | 
with overlapping margins. The horizontal- 
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Fig. 9, is either dividing on one side or the 
latter represents only its broader end. How- 
ever, it is certainly narrower on the opposite 
side bearing crowded and smaller leaf traces. 

The details of the structures of the leaf 
trace are not clearly made out, there being 
no trace of the number of the vascular 
bundles supplying these leaf traces. But 
there are some round dots with a central 
elevation ( PL. 2, Fic. 10) possibly marking 
the position of the roots. It is not possible 
to study the specimen in sections or in any 
other way; but it is certain that we are deal- 
ing here with an undoubted specimen of 
some fern stem or rhizome. Comparable 
structures have not so far been figured from 
the Indian Jurassic strata. Neither it is 
possible to compare the present specimen 
with any of the known species of Rhizom- 
opteris. 


3. ? Rhizomopteris sp. 
Pl. 1, Fig. 6 


The specimen here figured is too poorly 
preserved to be described in detail, but there 
are some indications that it represents an 
impression of some fern rhizome or stem. 
It is found on the same block (W.8) on the 
other side of which is preserved R. Sahnii 
sp. nov. described above. There is a small 
bit of a rhizome which is curved and covered 
over with numerous small dots. These dots 
are undoubtedly left due to the falling away 
of the roots. Nothing definite, however, 
can be said about the specimen. 


4. Cladophlebis Srivastavai sp. nov. 
IPL 2, IRS 7 Ole Etes? 
SpecimensGaig. 2212216 


Diagnosis — Fronds bipinnate, pinnae long 
and narrow, 10 cm. long and 5-7 mm. broad, 
on a slender rachis at an acute angle., Pin- 
nules short, bluntly pointed, densely crowded 
in the lower half on the pinnae rachises; 
venation typically of the Cladophlebis type. 
Habit somewhat recalling that of Todites 
Williamsont. 

The fronds are bipinnate, each pinna 
being as much as 10 cm. long bearing pin- 
nules nearly 5 mm. in length. The pinnae 
are arranged in an alternate manner on the 
main rachis (Pr. 2, Fic. 7) which is not 
very stout; it is only a millimetre in thick- 
ness. The pinnules are comparatively small 


(5 mm.) than is usually the case with 
Cladophlebis species. They are bluntly 
pointed towards the free end and attached 
to the pinna rachis by a broad base ( TEXT- 
FIG. 1; PL. 2, Fic. 7) at a wide angle. The 
margin is probably not quite smooth, al- 
though no definite dentations are visible. 
Some of the pinnules are of different 
character and are directly attached on 
the:maimn rachis ( Pr. 2, Fie: 7 at Pr Phat 
these are pinnules of different type and 
not the bases of the ordinary pinnules is 
clear from the bifurcating veins found on 
the margin of the pinnules, and in this 
respect a comparison is possible with C. 
Braum and C. Albertsii from Greenland 
(SEWARD, 1925). The venations in the 
pinnules are typically of the Cladophlebis 
type. There is a main vein from which 
arise a number of bifurcating veinlets ( TEXT- 
FIG. 1) arranged in an alternate manner. 

The habit and structure of the species 
described under this name, though altogether 
different from any one so far known from 
the Rajmahal Hills, betray clearly its Cla- 
dophlebis nature in all its essentials. 
Cladophlebis has a very wide distribution 
in the Jurassic strata, commonly known 
from England, South Africa, Australia, 
Grahamland, etc. The species of this genus 
show a wide range in the form of the pin- 
nules; but in some cases, e.g. C. indica and 
C. undens, the sporangia are also known. 
The present material has certain characters 
which, in their vegetative condition, are 
distinct enough from the well-known Indian 
species, C. indica. The habit is very much 
like that of Todites Williamsoni and the speci- 
mens figured by Seward (1900) from the 
Jurassic of Yorkshire and by Seward and 
Ford (1903) are worth comparing with the 
present one at least in their habit. The other 
species of Cladophlebis, bearing some re- 
semblances with this type, are C. nebbensis 
Brongn., C. browniana, C. ( Klukia ) exilis, 
C. Roesserti Harr., C. lobifolia, C. ( Todites ) 
Williamsoni var. tenuicaulis. 


5. Williamsonia sp. (cf. W. indica Sew.) 
PIS RE SSI 
Specimen F. 145 


The specimen was found at Onthea, a 
well-known locality and a place familiar to 
geologists since the time of Feistmantel, in 
a soft cream-coloured rock. Although the 
specimen is poorly preserved, the impression 
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of the overlapping bracts is clearly seen. 
They are narrow and linear as found in 
Williamsonia species which are figured by 
Feistmantel (1877) and Seward and Sahni 
(1920) and which are now known as W. 
indica Sew. (1917). The present flower 
is associated with numerous leaves of PHlo- 
phyllum tenerrimum, Nilssonia princeps and 
N. fissa. Similar forms of Williamsonia are 
recorded by Wieland (1916) from Mexico 
as W. Quetzaltoatl and W. texcatzoncatl. 
Wieland’s Mexican species like W. xico- 
tencatl and W. Cuauhtemoc may also be com- 
pared with the Indian specimen. 


6. Cycadeospermum indicum sp. nov. 
Pl. 3, Figs. 13, 14 
Specimen F. 144; G. 24 


Diagnosis — Impressions of isolated seeds. 
Size about 15 x 30 mm. resembling modern 
Cycas in shape, being oval and smooth. 
Micropylar end rough and attenuated. 

The specimens here described from two 
different localities are referable to the arti- 
ficial genus Cycadeospermum Nathorst. Al- 
though the details of the structure are not 
available on the cast or the mould, their 
shape and size could be compared with 
similar seeds described elsewhere. 

The seeds are ovate or round and smooth, 
measuring about 15 x 30 mm. The micro- 
pylar end, when preserved, is rough and 
attenuated. Oldham and Morris ( 1863 ) 
have figured some cycadaceous seeds from 
various localities in the Rajmahal Hills; 
but they are decidedly smaller ( 5-10 mm.) 
in diameter. The latter are also of different 
shape, usually roundish. More comparable 
seeds have been described by Wieland 
(1916) from the Liassic of Mexico under 
the name Cycadeospermum oaxacense. The 
general outline of both the seeds figured 
here could very well be compared with 
some of the modern seeds of Cycadales, e.g. 
Cycas. Some seeds probably cycadaceous 
have also been described under the name 
Carpolithus Linn. An unusually well- 
preserved specimen was described as a 
species of Carpolithus from the Wealden 
of Sussex which measured about 18 x 11 
mm. (SEWARD, 1895). This is certainly 

comparable in size with the present speci- 
men, but its shape and surface features 
are quite different. 


7. Coniferocaulon rajmahalense sp. nov. 
PIS AE TES SMIC 

Specimen I. 36 | 

1913. Bancroft, ‘‘Coniferocaulon sp.’’, Pl. 9, Fig. 

Appendix Text-fig. 1. 1931. Sahni, “ Coniferocaulon ||| 

spe’, Plipd 2101 / 2003 | 

| 


Diagnosis — Coniferous stem impressions! 
from the Rajmahal series; the surface, is} 
irregularly grooved in a transverse direction, || 
with occasional elliptical protuberances. 
Possible branch scars preserved, being oval 
in shape with a central elevation. Internal! 
structure not known, possibly coniferous. 

The present specimen is probably better‘ 
than any one so far described from India || 
( BANCROFT, 1913). It also contains a few || 
branch scars. These scars (8 x 5 mm.) are || 
oval in shape with a central elevation. The || 
branches seem to have grown horizontally 
from the main stem in a manner somewhat 
comparable to the modern Araucarias and 
some other conifers. The surface features 
are otherwise similar to those figured by 
Bancroft and Sahni, though in their speci- 
mens no undoubted leaf or branch scars can 
be distinguished. The material of such 
specimens being so common in the Rajmahal || 
Hills deserves a specific name in order to 
distinguish it from other similar stems like | 
Benstaedtia species or the Lower Cretaceous | 
species like Coniferocaulon colymbeaeforme. 


8. Cycadolepis indica sp. nov. 
PINS NE IS 12 
Specimen Q. 4, 5 


Diagnosis — Thick leathery leaves, scales 
or stipules up to 8 cm. long and 7 cm. broad, 
broader at the free end, margin deeply 
lobed in the young condition. Well-defined 
midrib absent, veins somewhat parallel in 
the basal region, diverging towards the 
margin while forking two or three times. 

The definition of this generic name as 
extended by Seward (1903) includes bud- 
scales of cycadean fronds, scale-like leaf 
structures of cycadean plants of variable 
sizes, petiolar bases, carpellary and antheri- 
ferous scales without the traces of ovules or 
pollen sacs and, lastly, the protective scales 
of the vegetative leaves or fertile shoots. 
Stipular organs could, however, be con- 
veniently added to this artificial genus. The 
three specimens, five including those men- 
tioned by Sahni and Rao ( 1933) without 
further proof of any relationship, can be 
rightly referred to this genus, specially in 
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view of their resemblances with the specimens 
described by Seward (1903) from South 
Africa. 

The biggest and probably the oldest leaf 
is about 8 cm. long and 7 cm. broad in the 
broadest region. The margin is folded, but 
the curling is not so pronounced as in the 
younger leaves ( not figured here ) where the 
folds are deep and numerous. The venation 
is quite distinct towards the margin. The 
veins that are running somewhat parallel 
in the lower half of the leaf begin to diverge 
and bifurcate twice or thrice before reaching 
the margin. No anastomoses are discern- 
ible. The impression of the younger leaves 
suggests that they may be of the nature of 
protective bud-scales. 

Although numerous species of Cycado- 
lepis are described from many places the 
majority of them such as C. villosa Saporta 
and C. hirta Saporta (1875); C. maxicana 
Wieland (1916) and Cycadolepis sp. 
described by Halle from Grahamland (1913) 
bear no comparison with the Indian form. 
Feistmantel’s ( 1876) figure of C. pilosa from 
Bhoojooree ( Kach ) is absolutely not com- 
parable in its size and structure; so also the 
Cycadolepis sp. from the Upper Gondwanas 
of the Madras coast ( FEISTMANTEL, 1879, 
Pr. XIV, Fics. 10-12; PL. XV, Fic. 10) differ 
in having a broad base and small size from 
the present specimen. In 1933 Sahni and 
Rao described some specimens of Cycadolepis 
from the Rajmahal Hills, but did not figure 
them. They think that Cyclopteris Oldham 
Fst. ( FEISTMAnTEL, 1877, PL. XXXIII, 
Fics. 5, 6) from Bindrabun is not a fern, but 
should be referred to Cycadolepis. I agree 
with them, but the present specimens are 
quite different from all these. Most of the 
specimens referred to above are small in size 
and broader at their base and some of them 
possess hairy margins, whereas the present 
specimens are narrower at the base, thicker 
in texture, bigger in size and there seems to 
be no trace of hairs. 

Lastly, it is also not possible to identify 
the present specimens with C. jenkinsiana 
Tate as figured by Seward (1903), because 
of the different size in the two cases and be- 
cause of the different structure of their 
margin. The only useful comparison that 
can be made with the present specimens is 
with those figured from the Cape Colony, 
though there are a few minor differences. 
The Indian species has no _ well-defined 
midrib as found in the African leaf ( Fic. 5 


as given by SEWARD, 1903). Secondly, the 
Indian species has deeply folded margin and 
the veins divide a number of times before 
reaching at the margin of the leaf. These 
differences, coupled with the idea of their 
distribution in space, provide arguments in 
favour of creating a new species. 


9. Stem, Probably Cycadean 
Pl. 4, Figs. 17-19 
Specimens J. 1-8 


The specimens here described comes from 
Bhutahah, a locality described by Sahni and 
Rao, and seem to belong to the cycads 
though we cannot assign them to their pro- 
per systematic position. These are about 
an inch in breadth and covered over with 
wrinkles which look like rhomboid marks. 
However, this appearance is probably due to 
compression and not due to any structural 
features. But the more important feature 
of these impressions is the occurrence of 
small round or oval cavities (Pr. 4, Fics. 
17, 18) at regular intervals ( distances of an 
inch apart). These cavities, about 5 mm. 
in diameter, almost certainly mark the posi- 
tion of either buds or some sort of thick 
petioles. In the latter case they could be 
classed under Rhizomopteris Schimp. and 
then could very well be compared with simi- 
lar though smaller structures which have 
been figured by Feistmantel (1876) from 
Kach. 


10. Stem Impresstons 
Pl. 4, Fig. 20 


Specimens Q. 1-3, all counterparts 


Many such specimens and bigger than the 
one figured here were seen in the field on 
grey-coloured rocks, some of them measuring 
as much as a metre in length. They present 
an appearance as if the stems are ‘worm 
eaten’, but probably it has something to do 
with the internal structure of the wood of 
these stems. On the left of Fig. 20 is seen 
a big smooth scar from where a leaf or a 
stipule-like organ seems to have fallen. The 
size and the surface marks indicate that the 
nature of these organs may have been simi- 
lar to Cycadolepis indica sp. nov. described 
above. However, the impression of the 
entire stem looks problematical and its affi- 
nities cannot be deciphered at present. 
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EXPLANATION OF PLATES 


Pract 


1. A general view of Nipania, showing the 
flat topped hills in the background and the fossili- 
ferous locality K in the fore-ground. 

2. Rhizomopteris Sahnii sp. nov. Three different 
blocks (W) showing the rhizomes with bases of the 
petiole. Natural size. 

3. Same. One of the petiole bases enlarged 
to show its shape and the leaf trace; surrounding 
the petiole base are numerous regularly arranged 
root scars. x 5. 

4. Same. Another petiole base enlarged. x 5. 

5. Same. Root scars highly magnified. x 30. 

6. Rhizomopteris sp. Preserved on the reverse 
side of the same block (W. 8) shown in Fig. 2. 
Natural size. 


PLATE 2 


7. Cladophlebis Srivastavai sp. nov., showing 
the general disposition of the pinnae on the 
rachis. At P are seen different types of pinnae 
(cf. Dichopteris). Natural size. 

8. Same. A portion enlarged to show the 
venation on the pinnules, their broad base, rounded 
apex and probably a somewhat denticulate margin. 
x.8 

9. Rhizomopteris rajmahalense sp. nov., showing 
the general shape and size of the stem. Natural size. 


10. Same. A portion enlarged to show the 
curved leaf traces and longitudinal grooves on the 
general surface. x 2. 


PLATE 


11. Williamsonia sp. (cf. W. indica Sew.), 
showing the impression of the enveloping bracts. 
Natural size. 

12. Cycadolepis indica sp. nov., showing the 
general shape and size of the leaf. Part of another 
leaf at the right-hand corner. Natural size. 

13,14. Cycadeospermum indicum sp. nov. Two 
seeds from two different localities. Natural size. 

15. Coniferocaulon rajmahalense sp. nov., showing 
surface features and a few possible branch scars. 
Natural size. 


16. Same. A portion slightly enlarged. 
PLATE 4 
17. Cycadean stem, showing more than six 


roundish scars, possibly marking the position of 
buds or thick petioles. Natural size. 
18,19. Other cycadean stems. Slightly reduced. 
20. Another stem impression. On the left is seen 
a broad surface, possibly the base of a big stipular 
organ. Natural size. 
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RECOGNIZABLE SPECIES OF TERTIARY PLANTS FROM 
DAMALGIRI IN THE GARO HILLS, ASSAM 


R. N. LAKHANPAL 
Birbal Sahni Institute of Palaeobotany, Lucknow 


INTRODUCTION 


N November 1938 the Director, Geologi- 
I cal Survey of India, sent Professor 

B. Sahni a small collection of fossil 
plants for examination. The collection con- 
sisting of 34 unregistered specimens, mostly 
of leaf impressions, was made by Sir Cyril 
S. Fox “ from Eocene beds at 500 yards 
south of Damalgiri Bungalow (25°32'N.: 
90°7’E.), Garo Hills”. Incidentally, there 
are at least three ‘“ Damalgiris ”” in the Garo 
Hills district. The one from which these 
fossils were collected lies eleven miles west of 
Tura, the district headquarter. 

In 1945 Professor Sahni gave the collec- 
tion to Dr. G. S. Puri for investigation, but 
as the latter had to leave for studies abroad 
soon after, the material was passed on to 
me. A short note about these fossils was 
published by me ( 1947 ) in Palaeobotany in 
India, VI. 

Most of the impressions are too poorly 
preserved to be identified specifically. How- 
ever, a few species can be recognized in the 
collection and are described in this paper. 
The number of species is too small to be 
treated collectively as a flora and to draw 
conclusions about its palaeoecology and 
palaeogeography. However, in the discus- 
sion of each species the habit and distribu- 
tion of its modern equivalent are given to 
suggest the living conditions of the fossil. 


MATERIAL AND METHOD 


Dr. R. C. Misra of the Geology Department, 
University of Lucknow, has very kindly 
examined the rock specimens for me and 
reports as follows: 

“ In the hand specimen the rock is greyish 
white in colour, with small patches stained 
yellow with secondary iron oxide. It is 
moderately compact and foliated. Originally, 
most likely, a shale, now it is metamorphosed 
to a phyllite. 

‘ Under the microscope a transverse sec- 
tion shows the foliated nature of the rock. 
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Much of the material is clayey and does not 
react with polarized light. Very fine elon- 
gated laths of Sericite are, however, clearly 
observed. In a section parallel to the 
foliation planes organic material of rich 
brown colour is prominent. 

“ The rock has suffered a moderate degree 
of metamorphism.’’ 

The fossils are preserved as leaf impres- 
sions. The nature of preservation is rather 
poor and there is no cuticle on the surface of 
the leaves. 

The identifications of the fossils are based 
on their resemblances with leaves of the 
modern species and were carried out at the 
herbaria of the Indian Botanic Garden, 
Sibpur, and the Forest Research Institute, 
Dehra Dun. 


SYSTEMATIC DESCRIPTION AND 
DISCUSSION OF EACH SPECIES 


All the species are angiospermic, belonging 
to the subclass Dicotyledoneae. They are 
arranged here according to the scheme fol- 
lowed by Willis ( 1951, pp. 1-xlix ) based on 
Engler’s system of classification. 


ORDER—URTICALES 
FAMILY—ULMACEAE 
Trema garoensis sp. nov. 
Platen1, Bicss 1,02 


Description — Leaves simple, ovate-oblong ; 
average length 8-5 cm. | average width 4:2 cm. ; 
apex? acute; base inequilateral, triplinerv- 
ed; petiole 1-2-5 cm. long, slightly curved, 
grooved; midrib slender, slightly curved; 
secondaries 9 pairs, lowest about 4:5 cm. 
long, coming off at the base at an angle of 
45°, angle of divergence slightly more in the 
second pair but gradually decreasing towards 
the apex to about 30°, individual veins 
curving up along the margin to join with 
the next upper ones in loops; tertiaries very 
slender, running curved across the secondaries 
in broad cross-ties, some bifurcating and 


28 ; THE PALAEOBOTANIST 


each limb joining the next secondary; margin 
thinly serrate; texture rather membranous. 

Discussion — The shape and venation of 
the leaf with serrate margin and inequilateral 
base strongly suggest affinities with 77ema. 
The triplinerved base, very small serrations, 
grooved petiole and the texture and size of 
the leaves are mostly like those of the living 
T. orientalis Bl. There is also considerable 
resemblance with 7. amboinensis Bl., but in 
the latter the leaves are larger. 

It has not been possible to find any des- 
cribed fossil Jeaf resembling 7. garoensis. 

Trema is a tropical or subtropical genus. 
T. orientalis is a small, fast-growing ever- 
green tree. It has a remarkable capacity for 
springing up on forest clearings, landslips 
and wherever the ground is exposed. In 
such places it is generally the first tree to 
appear coming up gregariously. It is dis- 
tributed at the foot of the Nepal and Sikkim 
Himalayas, in Bengal and Bihar, extending 
southwards to Travancore. In Burma it is 
reported from Rangoon and Myitkyina dis- 
tricts. It is common in Ceylon and Malayan 
Islands. JT. amboinensis occurs in Sikkim, 
Assam, Chittagong, Burma, Singapore and the 
Andaman Islands. It has the same habit as 
T. orientalis of which it is considered as a 
larger form. 

Collection — Syntypes, Nos. GH 16 and 
GH 18: 


ORDER—RANALES 
FAMILY—LAURACEAE 
Neolitsea sahnii sp. nov. 
Plate 1, Figs. 3, 4 


Description — Leaves simple, _ elliptical; 
length 9-10-5 cm.; width 3-2-3-8 cm., widest 
near the middle; apex not preserved; base 
broadly obtuse, almost rounded, slightly 
inequilateral, triplinerved; petiole about 
2:7 cm. long, slightly curved, fairly stout; 
midrib prominent, straight; a pair of lateral 
primaries coming off at base, each about 
6-5 cm. long, slightly curved near the base 
and then running straight towards the mar- 
gin at an angle of about 20°; secondaries 
start arising from the midrib at about one- 
third of its length from the base, approxi- 
mately 10 pairs, angle of divergence about 
60° decreasing towards the apex, each secon- 
dary curving up near the margin, running 
convex to it and then joining with the next 
upper secondary in a loop; tertiaries very 


slender, running as cross-ties between the | 
secondaries, enclosing rectangular areas, some | 
arising directly from the midrib to join with || 
the Jateral veins; margin entire; texture | 
smooth. | 

Discussion — The form and texture of the | 
leaves are typically lauraceous. The tripli- | 
nerved character in Lauraceae is met with | 
in Neolitsea and Cinnamomum. 
momum, however, the lateral primaries are 
very prominent and extend almost to the 
apex. Neolitsea zeylanica Merr. presents a 
very close resemblance with our specimens in 
having the same shape and size, the tripli- 
nerved base, the lateral primaries running to | 
about two-thirds the length of the leaf, and | 
the tertiaries running parallel across the | 
secondaries forming rectangular meshes. In 
the allied species N. foliosa Gamble the | 
leaves are longer and the base sub-tripli- | 
nerved, i.e. the lateral primaries coming | 
off a little above the base. This tendency | 
of sub-triplinerved base is also found in some 
leaves of N. zeylanica, but far less in fre- 
quency than in N. foliosa and in N. sahnu । 
this seems to be altogether absent. 

There are two fossil species of Neolitsea 
known to the author, N. Gardneri Bandulska, 
from the Upper Eocene of Bournemouth, 
England ( BANDULSKA, 1926), and N. lata 
MacGinitie from the Middle Eocene of Cen- 
tral Sierra Nevada, U.S.A. ( MACGINITIE, 
1941). None of these is very closely com- 
parable with N. sahnti. N. lata is bigger in 
size, narrower at the base, has smaller number 
of secondaries, and its lowest pair of second- 
aries does not come off from the base as in 
N. sahnii. In shape N. Gardneri seems more || 
like the present fossil, but the figure of N. 
Gardneri is not clear enough to make out the 
details of its structure for comparison. It 
looks slightly longer and narrower and has 
fewer secondaries. The structure of its 
cuticle is given, but it cannot be com- 
pared as the cuticle of N. sahnii is not 
preserved. 

The living Neolitsea is a small to middle- 
sized evergreen tree. It is distributed through 
the Philippine Islands, Java, Indo-Malayan | 
Archipelago to Burma and India. N. zey- 
lanica occurs in Mergui and Tavoy districts | 
of Burma; Assam in eastern India; Nilgiris, | 
Madras and Coimbatore in southern India: | 
and, as the name implies, in Ceylon. | 

I have named this species after my teacher, | 
the late Professor B. Sahni, F.R.S., as a || 
token of respect and affection. 


In Cinna- |) 
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Collection — Holotype, No. GH 2; para- 
type, No. GH 11. 


ORDER — MALVALES 

FAMILY — TILIACEAE 

Grewia foxii sp. nov. 
Plate 2/#Fip5 


Description — Leaf simple, ovate, asym- 
metrical, divided into two unequal halves; 
length about 5-7 cm.; width 4-3 cm.; apex 
broadly acute; base broad, inequilateral, 
triplinerved; petiole about 1:25 cm. long, 
slender, twisted; midrib broad at the base 
( 2 mm.) narrowing sharply towards the apex, 
slender, curved; secondaries 8 pairs, lowest 
arising from the base, running to about 
two-thirds the length of the leaf; angle of 
divergence about 60° in the basal veins, 
gradually decreasing towards the apex, less 
in the narrower half of the leaf than in the 
broader; secondaries arcuate, curving up- 
wards near the margin and then running 
along it towards the apex; tertiaries fairly 
prominent, thin, joining the secondaries in 
parallel cross-ties; the second pair of second- 
aries from the base short, forking into two, 
each merging into the tertiaries about half 
way between the midrib and the margin; 
near the base tertiaries also coming off on 
both sides of the midrib; tertiaries from 
the basal pair of secondaries on the outer side 
clearly visible going right up to the margin; 
margin mostly serrate, a little below the 
apex the serrations becoming blunt and at 
places rounded; texture thinly chartaceous. 

Discussion — The size, the division of the 
lamina into two unequal halves, the inequi- 
lateral base, the mixed serrate-crenate margin 
and the twisted petiole of the fossil present 
a very close resemblance with the leaves of 
the living Grewia tihifoha Vahl. The tex- 
ture and the shape of the lamina are very 
characteristic. The venation also is’ very 
similar, but in G. tiliifohia the basal second- 
aries are generally not much curved although 
in the variety G. tiliifolia var. argentia 
Burret they are almost as arched as in the 
fossil. No fossil record of a Grewia re- 
sembling the present specimen is known. 

Saporta used the name Grewiopsis for 
fossil leaves resembling those of Grewva. 
Plant remains belonging either to Grewza or 
to Grewiopsis have been described from 
Upper Cretaceous to Upper Tertiary beds of 
both the Old as well as the New World. 


The living Grewia is confined to the tropical 
and subtropical regions of the Old World, i.e. 
Africa, Madagascar, Arabia, India, Burma, 
Ceylon, Andaman-Nicobar, Malay Peninsula, 
East Indies, Indo-China, extending to North 
Australia. The genus is fairly represented 
in India. G. tiliifolia is distributed in east 
Tropical Africa and India. In India it occurs 
in arid regions of Bengal, Bihar, central and 
southern India. G. tiliifolia var. argentia is 
found in Assam, Upper Gangetic Plain, cen- 
tral and southern India. Both G. tiliifolia 
and its variety argentia are moderate-sized 
tropical trees occurring in arid regions. 

It is generally believed by the plant taxo- 
nomists that most probably the original home 
of Grewia was Equatorial Africa from where 
its line of distribution extended eastwards 
to India, Burma, Sıam and Indo-China 
( NARAYANASWAMI & Rao, 1950). If this 
statement is correct, the eastward march of 
Grewia must have begun quite early because 
on the evidence of G. foxii it was present in 
the Assam region in Eocene times. More- 
over, the fossil record shows that Grewia had 
a very wide distribution in the early Tertiary. 
In fact, it seems to have had a wider dis- 
tribution in the past than at present. The 
present abundance of the genus in Africa 
may be due to the suitable environment which 
the plant got in that continent and may not 
be an indication of its origin there. G. 
tiliifolia var. argentia seems to be Indian in 
origin as it is not distributed in Africa and 
its fossil equivalent G. foxi has been found in 
the early Tertiary of Assam. 

The species is named after the late Sir 
Cyril S. Fox who collected this material from 
Assam. 

Collection — Holotype, No. GH 17. 


FAMILY — BOMBACACEAE 
Bombacites orientalis sp. nov. 
1030 72, IEE, py. 7 


Description — Leaves large, digitately com- 
pound; each with five leaflets radiating from 
the tip of a long slightly curved petiole; 
preserved length of the petiole 12 cm., width 
3-5 mm., slightly swollen at its junction with 
the leaflets, faint longitudinal grooves and 
ridges visible on the surface of the petiole. 
Leaflets five, oblanceolate; length varying 
from 10 to 14 cm., width about 3-2 cm.; apex 
not preserved; base acute and decurrent with 
the midrib to the point of junction with the 
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petiole; midrib stout, a slight longitudinal 
groove visible on one side (? upper ); second- 
aries about a dozen, very narrow, sub-oppo- 
site in the apical half, alternate below, 
distance between two adjacent veins about 
1 cm., decreasing towards the apex, angle of 
divergence about 55° in the secondaries on 
the outer side and about 70° in those towards 
the middle of the leaf; secondaries curving 
up near the margin but the formation of 
loops not clear; smaller veinlets forming 
network of irregular polygonal meshes; mar- 
gin entire; texture fairly thick. 

Discussion — In general form of the leaves 
this species resembles Eriodendron anfruc- 
tuosum D.C. and Bombax spp. However, in 
one point the resemblance is more with E. 
anfructuosum. While in Bombax the leaflets 
are stalked, in Eriodendron they are sessile 
as in the fossil. This condition is almost 
approached in B. insigne where the stalks of 
the leaflets are very small, but in this plant 
the number of leaflets is generally 7-9 and 
their size is much bigger. 

For digitately compound fossil leaves of 
the type of Bombax with large leaflets having 
entire or toothed margins Berry ( 1916 ) gave 
the name Bombacites. All the fossil records 
of Bombax and Bombacites are based on single 
leaflets, while the present fossil shows leaflets 
joined together on a petiole. From the 
available figures Bombax Sturtii Etting. des- 
cribed by Chapman and Crespin ( 1933-34 ) 
from Australia is the only species which 
looks somewhat like Bombacites orientalis 
although this comparison is not very reliable, 
as the single figured leaflet of B. Sturtir is 
incomplete. Most of the other fossil species 
have toothed margins. 

There is no available record of fossil Erio- 
dendron. Some doubtful forms referred to 
Bombax have been described from the Creta- 
ceous of America and Europe ( BERRY, 1916 ). 
In the Tertiaries, Bombacites has been des- 
cribed from the Lower Eocene of America 
by Berry (op. cit.). In Europe, foliage of 
the type of Bombacites has been described 
mainly from the Upper Eocene, but a few 
species have also been reported from the 
other epochs of the Tertiary period. Bom- 
bax flammeum has been recorded by 
Menzel (1920) from the Tertiary of Ca- 
meroons, Africa. Two species of Bombax, 
B. Sturtii Etting. and B. Mitchelli Etting. 
have been described from the Eocene of 


western Australia by Chapman and Crespin 
( 1933-34 ). 


q 


Eriodendron occurs mostly in America. 
E. anfructuosum, a moderate-sized, soft-wood- || 
ed, deciduous tree is indigenous to Burma, | 
Andamans, Malay Peninsula and Archipelago, | 
western parts of Indian Peninsula and in |; 
Perhaps it also occurs in || 


Tropical America. 
Tropical Africa. | । 
Bombax malabaricum is a large deciduous | 


tree most commonly found on flat alluvial |) 
soil near river-banks where it is often grega- |} 
It is often found scattered in mixed, |} 
usually deciduous, forests and even in Sal || 


rious. 


(Shorea robusta Gaertn.) forests. It occurs | 
in regions showing a wide range of tem- 


perature and rainfall, but thrives best in a | 


comparatively moist tropical climate. It 


| 
| 
| 
| 
| 
| 


occurs in tropical Eastern Himalayas and 


throughout the hotter forests of India to 
Burma and Ceylon. It is also distributed in 
Java and Sumatra. 

B. insigne is common in upper mixed | 
deciduous forests on well-drained often hilly 
ground. It also extends into evergreen or 
semi-evergreen forests on hill-slopes. It is 
essentially a tropical tree thriving best in 
temperatures with a maximum of 96°- 
110°F. and a minimum of 42°-60°F. and 
rainfall of about 40-150in. Its natural home 
is Burma, Andamans, Chittagong, Malay 
Peninsula and the Western Ghats of India 
from North Kanara southwards. 

Collection — Syntypes, Nos. GH 3 and 
GH 5. 


AGE OF THE FOSSILS 


As already mentioned, the present fossils 
were collected at 500 yards south of Damal- 
giri Inspection Bungalow in the Garo Hills 
district of Assam. According to further 
details supplied at my request by the Geologi- 


cal Survey of India, the collection comes | 


from the Kopili stage. Kopili is the upper 
of the two stages into which Jaintia series 
of Assam is divided. 

About the age of the Kopili stage Evans 
writes (1932, p. 176): 

“ The Kopili stage includes a number of 
fossil beds. From the Burmah Oil Company’s 


collections, Mr. Eames has identified a num- | 


ber of forms suggestive of Middle Khirthar 


beds ...it seems safe to assume that the 
Kopili stage, as a whole, is approximately | 


equivalent to the Middle Khirthar, i.e. Upper 
Lutetian. ”’ 

According to this statement the stage is 
Middle Eocene in age. The Geological Sur- 
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vey has, however, suggested that the Kopili 
beds may be regarded as uppermost Eocene 
to Oligocene ( HERON, 1939). 
Unfortunately, there has not been enough 
previous work on the Tertiary floras of this 


part of the world with which comparisons 
could be made for the correlation of strata. 
For the present there is no evidence against 
the early Tertiary age of the beds in which 
these fossils were collected. 
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EXPLANATION OF PLATES 


PLATE 1 


1, 2. Trema garoensis sp. nov. Leaves. Nos. 
GH 16 and GH 18 respectively. x 1. 
3. Neolitsea sahnii sp. nov. Leaf. No. GH 2. x 1. 
4. N. sahnii sp. nov. Incomplete counterpart of 
the same showing venation more clearly. No. 
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ing Plants and Ferns. Cambridge. 
PLATE 2 

5. Grewia foxii sp. nov. Leaf. No. GH 17. 
x dhe 

6. Bcmbacites orienlalissp.nov. Leaf. No. GH 3. 
Se Us 
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FERNS AND PALMS AS INDICATORS OF CLIMATE 
AND PALAEO-CLIMATE* 


T. Ss. MAHABALE 


University of Poona, India 


45 HE living plant is a complex organ- 
ization reacting to its environment in a 
variety of ways depending upon the 

nature of the latter. The environment of 
plants comprises a group of factors which 
operate individually as well as collectively 
and evoke a certain amount of response 
which expresses itself in some form of change. 
This change manifests itself in two ways: 
(1) change in the physiological processes of 
plants; and (2) change in the genetic consti- 
tution of the plant. The ever-fluctuating 
environment and the dynamic processes of 
life together make the life of a plant what it 
is. Individually, these changes take the 
form of adaptations to environment and 
collectively they express themselves in the 
sum total of plant life in a given area what we 
call vegetation. 

The idea of vegetation, however, is always 
linked up with some sort of topography and 
locality and these are governed by the opera- 
tion of some rhythmic changes of factors 
such as diurnal and seasonal variations, 
which also operate on the plant life. When 
they operate over a wide range of time, the 
reaction of the plant life expresses itself in a 
form that is termed as ‘ flora’ 

The idea of a flora is thus always asso- 
ciated with a definite environment in which 
mainly the climate and then the edaphic 
factors work together. In determining the 
flora of a place, therefore, the geologic past 
and climatic changes largely decide the types 
of vegetation which go to constitute a suc- 
cession of vegetational forms spread over a 
long range of geological period. To put in 
other words, the flora of a place is primarily 
governed and determined by the climatic 
factors, because in any place, they, more 
than soil or topography, affect the nature of 
the flora. The climatic factors, sometimes 
referred to as atmospherics, are so power- 
ful that they are chiefly responsible for 
controlling the distribution of plants. In 
recent years a large number of workers have 


expressed these ideas with reference to studies 
on the distribution of plants in many areas. 

The intimate relation between the vegeta- 
tion, flora, and the climate of a place is quite 
apparent in the case of living plants. But 
in the case of fossil plants it is not easy to 
know it, as one is dealing with quanta of time 
which are so large that it becomes impos- 
sible to speak of anything like vegetation 
of a particular locality. The difference 
arises out of three reasons: (1) that the places 
where the plants are fossilized are not ne- 
cessarily the places where they were growing 
in situ; they only suggest that in these places 
the conditions for fossilization were rather 
favourable; (2) the extent to which these 
plants could be preserved depends on the 
woody or herbaceous nature of the plant; and 
(3) the nature of the plant undergoing pre- 
servation itself; whether it is capable of 
preservation as a whole or in parts only, or 
not at all. 

A palaeobotanist, therefore, in interpret- 
ing the conditions under which fossil plants 
existed can at best only infer from the im- 
perfect records at his disposal. Naturally, 
there are too many gaps in his understanding 
of the factors or forces which operated in 
the distant past. He, therefore, takes re- 
course to understanding the processes of 
living plants for the interpretation of those 
in fossil plants. In the determination of 
palaeo-climate, palaeobotanists have certain- 
ly no array of morphological, physiologi- 
cal and genetic data at their hands as in 
the case of the living plants. They are 
entirely guided by considerations of the 
first only. Very often they are completely 
ignorant of the life processes or genetic 
changes which might have taken place in the 
fossil plants they are handling. Their con- 
clusions on the nature of palaeo-climate, there- 
fore, are necessarily of the nature of inference 
based on analogy with living plants. 

It is true that the living plants in response 
to changes in environment adapt themselves, 


*Presidential Address to Palaeobotany Sections II and III of the Eighth International Botanical 


Congress, Paris, 1954, delivered on 6th July 1954. 
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and these changes are expressed, among 
other things, in their morphology and in- 
ternal structure. If operative over a long 
time, they do indicate the nature of the 
environment under which the plants grew. 
For example, if a feature like aerenchyma 
or the thin cuticle is seen in dissimilar plants, 
it is generally indicative of marshy or 
aquatic habitat under which these plants 
were growing in a patch of vegetation. 
When the same factor controls the vegeta- 
tion for a long time, it sets up a particular 
pattern in vegetational forms. Thus, the 
great forests of conifers in the northern zone 
of America, Europe and Asia, the desert 
belts found all over the world, tropical rain 
forests on both sides of the equator generally 
have plants which have many features in 
common. Similarity shown by some of 
them is so great that one is struck by it. For 
example, the maritime flora of the coast- 
line of tropical countries and oceanic islands 
have a preponderance of palms which lends 
a colour and character to the scenery of the 
place. The huge climbers and epiphytic 
vegetation in the rain forests of many 
countries also present similar features. Once 
this intimate relation between the climate 
and vegetation of a place and its components 
is realized, it is easy to understand why 
certain plants in a locality are indicative of 
the nature of the climate of the place, e.g. 
the alpine plants and cold climate, man- 
groves and maritime conditions, cacti and 
euphorbias and arid conditions, etc. Such 
inferences, however, when they are to be 
drawn in the case of fossil plants, have to be 
very much safeguarded, as in the case of the 
fossil plants one is arguing from the converse; 
and yet the number of fossil plants in the 
flora of any age of any country is not wanting 
in such examples as bring a strong convic- 
tion regarding the palaeo-climates. It is 
within certain limitations that the fossil 
plants can be used as indicators of palaeo- 
climate. Unlike animals they are not able 
to easily migrate and hence, their testimony 
regarding palaeo-climate is more reliable 
than that of animals. It was a patent idea 
of various workers of the last century like 
Ettingshausen, Brongniart and Heer and 
others to use fossil plants as indicators of 
climate. But it was Seward who rightly 
cautioned against many wild generaliza- 
tions in this matter. The terrestrial plants, 
generally speaking, can be relied upon, to a 
certain extent, because of their distribution 


but not the water plants. These are indeed 
treacherous guides to palaeo-climate, although 
quite reliable as indicative of their habitat. 
In the terrestrial plants also when they are 


7 
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far too isolated by geographical or other | 


barriers, they tend to mutate or become 


endemic; and it is not possible to know : 


what was happening to fossil plants in their 
environment regarding both these pheno- 
mena, viz. isolation and mutation. A fossil 
plant, therefore, may be indicative: (1) of 


the extreme limits of the climate under | 


which a particular set of plants prospered, 
especially within the limits of temperature 
or humidity; or (2) it may be a representa- 
tive of an average plant of a community of 
plants growing in a locality in the past; or 
(3) it may represent a species of plants under- 
going mutation; or (4) it may be one of the 
plants, like modern endemics, unable to 


spread due to limited range of adaptation | 


to varied climatic conditions; or (5) it may | 


be one of those plants which are completely 
inadaptable to environmental changes and 
are on way to extinction. 

In the flora of any place one would expect 
to have plants showing all these possibili- 
ties and much will depend on what one would 
consider really is a species indicative of. It 
would be seen from the above that not all 
species would be serving as right indices of 
palaeo-climate prevalent at the time of de- 
position. If they are indicative of the ex- 
treme limits of the factors which really 
control distribution, then their testimony 
could be relied upon; but if they represent 
the conservative endemics or ever-chang- 
ing mutants, their testimony cannot be 
relied upon and as such they will not be 
able to serve as guides to palaeo-climate. 


After this brief theoretical prelude, it is 
time for us to consider some modern groups 


of plants with a view to illustrating some of 
the above points and finding out their re- 
liability as indicators of palaeo-climate. I 
have chosen ferns and palms as they are 
generally believed to be very reliable for 
this purpose; and I lay a modest claim to 
the study of these two groups during the last 
20 years. 


The ferns, as a group, take their origin | 
from a very distant past, from the Devonian - 
period onwards and they have continued to > 
be in their own even now. Many of the 


fossil ferns of the ancient times such as 
the Botryopterideae and Zygopterideae are 
extinct, but members of the Osmundaceae, 
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Schizeaceae, Hymenophyllaceae, Polypo- 
diaceae and Hydropterideae have survived 
through long ages. Thus, in the Tertiaries 
of North America and many other lands, 
not less than a dozen species of Osmundites 
are known. Several species of Aneimia 
have been recorded from Palaeo-eocene to 
Oligocene of Colorado, Texas, Wilcox and 
Wyoming in America. Representatives of 
genera like Adiantum, Cheilanthes, Denns- 
taedtia, Pteridium, Saccoloma, Gleichenia, Da- 
vallia, Cyathea, Athyrium, Matonidium, 
Onoclea, Blechnum, Lygodium, Asplenium, 
Dipteris and Polypodium are known in the 
Tertiary horizons of many lands, especially 
South and Central America, Australia and 
India. Some of these genera are known in 
fossils from lands where they do not exist 
today; or, if known, exist in very restricted 
localities under highly specialized conditions, 
e.g. some species of Gleichenia, Dipteris, 
Osmunda, Acrostichum, Matonia, etc. Among 
the Eusporangiate ferns, which bear close 
resemblance to the spore-producing parts 
of the Coenopteridineae, Ophioglossaceae 
is practically unknown in fossils, but spe- 
cies of Danaeopsis or Marattiopsis are not un- 
common from the Jurassic period onwards. 
The Hydropteridineae as a group comes into 
existence from the late Cretaceous onwards, 
especially in the Tertiary period. Several 
species of Salvinia and Azolla are known from 
Korea, India, Japan, Australia, Southern 
Europe, British Columbia, Wyoming, Tenes- 
see and England. But the family Mar- 
sileaceae is represented by a single species 
of Regnellidium known as Rodeites from the 
Eocene beds of Central India. The very 
fact that some of the common genera such 
as Polypodium, Adiantum or Pteris, whether 
living or fossil, have many representatives, 
is indicative of the fact that the species of 
these genera, probably due to mutation, 
were formed in adaptation to different cli- 
matic conditions. In this connection the 
work of Dr. I. Manton on Polypodium, and 
Dr. P. N. Mehra’s on Adiantum and on 
Lygodium by the author and his collaborators 
is pertinent. In these genera polyploidy and 
apogamy have played an important part in 
the distribution of the species today, and so 
must they have done in the past also. Ap- 
parently in ferns like these, it is not the genus 
that is indicative of climate but only a species 
which will at best indicate a particular 
habitat. In the case of water ferns the re- 
liability as indicators of climate is nil, 


although they are indeed extremely good 
indicators of the habitat in which they and 
associated plants occur. The same is true 
of Osmunda in which many polyploid races 
and species growing in different habitats 
are known in the living: and this is probably 
also true of its fossil species. Ferns like 
Marattia, Matonia, Alsophila and Cyathea 
today grow in extremely humid conditions. 
But different species of the same genus grow 
in widely separated regions having quite dis- 
tinct topography and climate as in the val- 
leys of the Himalayas on both sides, or in com- 
paratively dry regions of Peninsular India 
and in the tropical rain forests of Ceylon, 
Java and Malaya. Here the same species is 
seldom capable of growing in different 
localities. Like the Marattiaceae, therefore, 
tree ferns do indicate moist climate, but 
much will depend upon altitude and topo- 
graphy, and not on latitude only. 

It is well known that ferns like Helmin- 
thostachys, Dipteris or Acrostichum are highly 
specialized in their habitat. So are perhaps 
the epiphytic ferns. The former are quite 
reliable as guides to the climate and habitat 
in which they grow, but the epiphytic ferns 
indicate very little, as most of the epiphytic 
ferns lead a very precarious existence and 
complete their life-history somehow under 
the conditions available to them. Very 
often these conditions vary from year to 
year and, therefore, their testimony is not 
reliable. 

From amongst the water ferns, Regnel- 
lidium and Salvinia are interesting in this 
connection. Regnellidium is endemic both 
in its present and past distribution. The 
habitat and the climate under which it grew 
in the past, therefore, could not have been 
different from that under which it grows 
today. The same thing, however, cannot 
be said to be true of Salvinia in which con- 
servative species like S. auriculata and its 
fossil relative S. intertrappea have restricted 
geographical distribution due to apogamy, 
whereas S. natans, which is a fertile spe- 
cies, has a wide geographical distribution: this 
species produces polyploid races ranging 
from the cold temperate to the equatorial 
plains. In this genus, therefore, different 
races adapt themselves to different climates. 

It will be seen from the above account, 
that due to plasticity of the sporophyte in 
producing different polyploid races to suit 
different environmental conditions and the 
unreliability of the gametophytic generation, 
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ferns as a group do not really indicate climate 
in all cases. Individual genera and species 
do indicate that in a few instances, e.g. 
Matonia, Helminthostachys, Cyathea, Acros- 
tichum, etc., but the majority of the common 
polypodiaceae do not do so. If this is true 
of the living species, it should be even more 
so in the case of the fossil species. And 
for determining the climatic conditions 
under which they existed, we have to exer- 
cise great caution while drawing inferences. 
Another very important and conspicuous 
group in the floras of the Southern Hemi- 
sphere since the Tertiary period is the group 
of palms. It is well known that South 
India, South Africa, South America and 
Australia are the parts of the most ancient 
land masses persisting from the Gondwana 
period onwards, and as such are expected to 
throw some light on the important features 
in the distribution of plants, whether fossil 
or living. Quite a number of fossil palms 
have been reported from Central America, 
Antigua, the Paris Basin, Italy, India, South 
Africa, Egypt, Ceylon and Malaya. These are 
also the places where, except in Europe, a 
large assemblage of palms is seen today. 
It may be inferred that their distribution 
may throw some light on their adaptability 
to environment and we shall now try to verify 
this. Palms as a class are considered to be 
maritime trees. While quite a large number 
of them no doubt occur that way, large 
genera like Phoenix, Sabal, Calamus and 
Cocos have members which rise from the 
coastal plains to progressively higher alti- 
tudes. Some of them are restricted to the 
coastal plains and estuaries and some rise to 
low hills up to about 200 ft. A few of 
them rise to an elevation of 2,000-6,000 ft. 
and some are restricted to higher altitudes 
only. Quite a few are endemic. Thus, 
Phoenix zeylanicus, P. reclinata, Sabal pal- 
metto, Calamus hookerianus, C. radiatus, C. 
nicobarıanus, Chamaerops humilis are mostly 
restricted to coastal plains and foothills, 
whereas Washingtonia gracilis, Hyphaene 
indica, Nephrosperma van.Huttiana, On- 
cosperma horridum and Phytelephas micro- 
carpa occur generally in riverine and es- 
tuarine beds. The common fan palm, Bo- 
rassus flabellifer, Archontophoenix alexan- 
dert, Pinanga paradoxa, Areca triandra, Ju- 
baea secunda, are restricted to low hills and 
seldom rise above 2,000 ft. elevation. Phoe- 
nix sylvestris, on the other hand, and Arenga 
wightit, Wallichia caryotoides, and W. dis- 


tichia climb up to an altitude of 6,000 ft. 
Some species of Phoenix such as P. acaulis 


and Livistona australis, L. jenkinsiana, Plecio- 
comia khasyana, Caryota urens, C. mitis, Pin- |) 


anga gracilis and Areca nagensis occur between 
the elevation of 2,000 and 6,000 ft. 
species of Calamus rise from the coastal 
plains to about 6,000 ft. elevation in dense 
forests. For example, Calamus radiatus is 
mostly a coastal species and so are C. ar- 
borescens, C. rotang and C. viminalis. But 


Several | 


the latter three are mostly restricted to 


estuarine forests. 


Some of the species of. 


Calamus such as C. kingianus and C. bran- | 


disii and Wallichia densiflora, Plectocomia 


khasyana, P. himalayana, P. macrostachya 


do not descend to the plains and are palms 
of high altitude. Some of them are unique 


in their habitats, e.g. Phoenix paludosa 


is a mangrove. Nipa fruticans is an es- 
tuarine dweller. 
desert regions. Phoenix dactylifera, P. ca- 
nariensis and Eleis guineensis grow in oases 
and desert regions. A few palms such as 
Pritchardia pacifica, Lodoicea seychellarum, 
Calamus digitatus, Bentinckia valpanna, Hyo- 
phorbe americaulis, Vershaffeltta spp. and On- 
cosperma fasciculatus are more or less endemic. 

It will be seen from the above list that in 
the palms, some of the genera such as Phy- 
telephas, Nipa, Thrinax and Livistona are 
highly characteristic of the habitat they 
live in. But in the rest of them different 
species of the same genus adapt themselves 
to different altitudinal and environmental 
factors. In a genus like Phoenix or Cala- 
mus there are species which are spread 
from sea level to an altitude of 6,000- 
7,000 ft. above the sea level and hence 
it would be difficult to rely on the genus as a 
whole for inferring the climate under which 
it grew. In palms, as in ferns, therefore, 
the individual species in most cases are 
indicators of climate but not in all. Per- 
haps more than individual species an as- 
semblage of plants showing similar features 
would be more reliable. In deciphering the 
fossil palms these facts would be of great 


importance, as in one’s eagerness to recog- | 
nize a fossil palm, one is apt to forget that | 


it may not be a coastal palm and, therefore, 
be not one growing under a maritime climate. 
But as compared to ferns, due to their more 
conservative nature, palms show less number 
of mutants. 


Sabal adansom grows in, 


And hence, they are more | 
reliable as guides to climate when their | 
identity with a living genus or species is | 
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established. It is necessary, however, to 
note that a definite determination either of 
a genus or a species in fossil Palmoxyla is a 
task beset with numerous difficulties and 
hence, although one does get an inkling as to 
the nature of the genus, inferences regard- 
ing its climate have to be drawn very care- 
fully. The only exceptions to this rule are 
such palms as Nipa, Phytelephas and Cala- 
mus which are known to choose a very definite 
type of environment. 


In the end, I desire to acknowledge my 
deep sense of gratitude to the members of 
this Section and to my numerous friends for 
the honour they have done me in elect- 
ing me as the President of this symposium 
and to my colleagues for their help. I am 
deeply sensible of the debt I owe to all of 
them.* 


*The address was illustrated with a number of 
slides and photographs. 


A FOSSIL MEMBER. OF THE CHROOCOCCATESSEROMZFHE 
LOWER GONDWANAS OF INDIA* 


K. R. MEHTA 


Banaras Hindu University, India 


URING an investigation of the micro- 
D ) flora from a carbonaceous shale from 
the Pali beds of the South Rewah 
Gondwana basin, the author’s attention was 
drawn to a small collection of alga-like cells 
sticking to the surface of a one-winged spore 
( TEXT-FIcs. 1,2). A closer examination re- 
vealed that the roundish cells occurring indi- 
vidually or in colonies of 2-4 had homoge- 
neous contents without any differentiation of 
the protoplast, and with diameters ranging 
from ca. 3-0 to 6-0 u. They were, thus, very 
much suggestive of certain members of the 
Chroococcales like Chroococcus or Aphano- 
capsa. 
The specimen was referred to Professor 
M. O. P. Iyengar for his expert opinion and 
advice. Professor Iyengar was very kind to 


TExT-FIG. 1 — A fossil spore bearing algal cells 
near arrow heads. x 340. 


*Preliminary report published in Palaeobotany in India — VII. 


1950. 
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TExT-F1G. 2 — Algal cells under higher magnifica- 
tion. x 1080. 


report: 

“TI examined the small cells on the spore. 
They look like algal cells and probably are cells 
ofan alga. As far as I am able to identify 
them, they look like the cells of Aphano- 
capsa, and come near Aphanocapsa litoralis 
Hansg. among marine forms and Aphano- 
capsa grevillei ( Hass) Rabenh. among fresh 
water forms’... By the way, the cells do 
not have a sheath round each as is found in 
Chroococcus. Your photomicrographs show 
a sheath no doubt, especially the more en- 
larged one, but if you focus very carefully 
under oil immersion to get an optical median 
section, you do not find a sheath round a 
cell. A thin sheath is known to be present in 
some species of Aphanocapsa but such 
sheaths are quite unlike those of Chroococcus.”’ 

The cells were re-examined under oil im- 
mersion, and Professor Iyengar’s observations 
confirmed. The sheath-like outlines round 
the cells may be due to some sort of light 
effect during photographic exposures. 

The Alga is a Fossil — One danger which 
always confronts a worker on microfossils is 
the infiltration of his material during macera- 


| 
| 
examine it critically and gave the si 
| 
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tion and subsequent examinations by bits of 
organic matter floating in the atmosphere or 
in water which he uses for washings. Spores, 
pollen grains, bits of cuticles, etc., are com- 
mon objects found in the general atmosphere. 
Micro-organisms like unicellular or colonial 
forms of algae, diatoms, etc., are often met 
with in tap water; they develop even in dis- 
tilled water left unused for some days. The 
author was, therefore, taken aback when he 
first saw the algal cells sticking to the fossil 
spore. He naturally suspected that they 
had entered from the atmosphere or from the 
distilled water which he had used at different 
stages of the process. But a rechecking of 
his technique convinced him that he had 
given little chance to any outside intrusion at 
any stage of maceration and after. The 
distilled water used was always freshly pre- 
pared, and the unavoidable exposure to the 
atmosphere was seldom more than a second 
or so at a time. In order to be doubly sure 
the spore was given a vigorous shaking in a 
drop of water by means of a fine brush. An 
attempt was also made to dislodge the algal 
cells from the surface of the spore with the 
help of the same brush under a binocular 
microscope. But the cells stuck on, thus 
proving that they had not been recently 
deposited and loosely placed, but were fossil- 
ized along with the spore in the shale matrix. 
This conclusion is supported by the fact that 
out of several hundred specimens of spores, 
cuticles, fragments of woods and tracheids, 
etc., examined from the same lot of the mace- 
rated material, this was the only specimen 
showing the algal cells attached toit. If the 


contamination had taken place from the at- 
mosphere, one would have expected to come 
across more specimens of this and other 
kinds of extraneous matter. 

Contrary to the common belief, the alga 
has survived treatment by Schulze’s reagents. 
It may be due to the changed nature of the 
organic matter on account of fossilization, or 
more probably, to the weak concentrations 
of the reagents purposely used for macerating 
this material. Experience has shown that 
stronger concentrations resulting in violent 
reactions not only destroy remnants of the 
lower and delicate forms of plant life, but 
also injure the more resistant types like the 
spore cutins, woody tissues, etc. 

This report adds one more specimen to the 
list of already known fossil blue green algae 
(Pia, 1927; Tirrany, 1938, pp. 113-115). 
The two species of Aphanocapsa mentioned 
above may be referred to Geitler ( 1932, pp. 
153 and 159 respectively ). 

Age of the Alga — The exact geological age 
of Pali beds is still a moot question. But 
relying on the plant fossil evidence — 
Vertebraria and Glossopteris — Fox ( 1934, p. 
178 ) is of the opinion that “ the beds of Pali 
and Daigaon are of Ranigunj age’. He fur- 
ther adds (p. 179) that “the plant fossils 
found in the Pali-Daigaon beds indicate 
the presence of upper Damudas suggestive of 
the Ranigunj series and possibly Panchets ”. 
In other words, they lie somewhere in the 
Permo-Triassic period of the Lower Gond- 
wanas of India. 

The author offers his grateful thanks to 
Professor M. O. P. Iyengar. 
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ON SOME SILICIFIED WOODS FROM NEAR PONDICHERRY, 
SOUTH INDIA || 


C. G. K. RAMANUJAM 
Birbal Sahni Institute of Palaeobotany, Lucknow 


INTRODUCTION 


of fossil woods of which one belonging 

to the genus Mesembrioxylon is coni- 
ferous and the other two dicotyledonous. All 
the three species have been collected from 
near a village called Murttangi (or also as 
Mortandra ) 5 miles W.N.W. of Pondicherry 
in the South Arcot district of Madras State. 
The fossiliferous locality is about 2-3 sq. 
miles in diameter and presents a very impos- 
ing view with its numerous petrified trunks 
lying irregularly scattered on the ground. 
Some of the trunks are found partially 
buried in the soil. Besides silicified trunks 
which dominate the landscape in this area, 
hardly any other organic remains are found; 
the only other fossils to be met with are some 
Gastropods. 

The whole fossiliferous area near Pondi- 
cherry is a plain, dotted with hillocks not 
more than 100 ft. high, with ridges, caves 
and ravines. The hillocks are formed of 
Cuddalore series, which are made up of 
argillaceous and silicified sandstones with 
lumps and veins of chert. The Cuddalore 
series belongs to the Tertiary, and so far 
nothing has been decided definitely about the 
exact age of these sandstones. They are be- 
lieved to range from Eocene to Pliocene 
(SAHNI, 1931). Krishnan (1949) regards 
the Cuddalore series to be Miocene, while 
Wadia (1952) considers a great part of this 
series to be of Pliocene age, and some 
parts younger. The series as a whole lies 
along the east coast and overlies the vari- 
ous coastal deposits of Mesozoic age. A 
variously shaded and mottled loose-tex- 
tured gritty sandstone is the principal com- 
ponent of these rocks. The petrified trunks 
usually occur embedded in these sandstones, 
but many have been loosened by weather- 
ing and consequently lie scattered on the 
ground. 

The occurrence of Mesembrioxylon, a podo- 
carpaceous form-genus, appears to be very 
common in various rock formations of India 
(SAHNI, 1931; RAMANUJAM, 19531; BHAR- 


I paper deals with three new species 


40 


DWAJ, 1953; SURYANARAYANA, 1953). From || 
South India the only published records of || 
fossil dicotyledonous woods are the two} 
small notes by the author ( RAMANUJAM, |} 
19532, 1954) in which the presence of the }j 
families Guttiferae, Dipterocarpaceae, Ana- | 
cardiaceae, Leguminosae, Sonneratiaceae and 1% 
Euphorbiaceae has been reported. It is | 
quite surprising that the study of fossil di- 
cotyledonous woods in India has been very 
limited, in spite of their abundant occurrence || 
in other localities. The woods reported from | 
other areas so far represent only five families, ||| 
namely Guttiferae, Dipterocarpaceae, Ana- || 
cardiaceae, Leguminosae and Combreta- 
ceae(?) (CHOWDHURY, 1936, 1938, 1953; 
CHOWDHURY & GHOSH, 1946; CHOWDHURY 
& TANDAN, 1949; Gupta, 1936; Rope, 
1936). The author is of the opinion that 
many of the fossil woods in India referable | 
to dicotyledons are unfortunately imper- 
fectly preserved, and this might probably 
be the reason why their study has been | 
neglected. 


MATERIAL AND METHODS 


The specimens collected are pieces from 
large trunks about 1-2 ft. in diameter and 
4-6 ft. in length. The fossils range in colour || 
from greyish to deep brown. They contain 
only secondary wood, the preservation of |} 
which is quite satisfactory. The preserva- 
tion, particularly of the coniferous wood, is | 
very good. For each wood studied several 
transverse, tangential and radial sections 
were made. The sections were generally 
thinly ground, but in some cases somewhat 
thicker sections proved useful for obtaining 
an idea of the gross structure. While deal- 
ing with the dicotyledonous woods, the ex- 
amination of the polished surface of the wood || 
in reflected light was of great help in studying ! 
the distribution of vessels and xylem paren- } 
chyma. The sections were usually not 
stained as the natural colour of the petri- | 
faction made the tissues fairly prominent. | 
The photographs and text-figures were made || 
after mounting the slides in liquid paraffin, as | 
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it was observed that the sections mounted in 
Canada balsam became too transparent for 
investigating the finer anatomical details. 


GENERAL DESCRIPTION 


Class — GYMNOSPERMAE 
Genus — Mesembrioxylon Seward 
Mesembrioxylon speciosum sp. nov. 


Description — The fossil has only the 
secondary xylem preserved. The growth- 
rings are quite distinct and can be seen with 
the naked eye. They are usually broad with 
a very well-developed spring wood and a 
meagrely developed summer wood. The 
transition from spring to summer wood is 
generally abrupt, but sometimes rather 
gradual. The tracheids of the spring wood 
are square to polygonal in cross-section and 
40-50 u. across; they are thin-walled, the wall 
being only 2-4 » thick. The summer wood 
is mostly narrow, about 2-5 cells wide, with 
considerably thick-walled tracheids ( wall 
10-14 u thick ) which are as a rule laterally 
stretched, and 25-35 [५ across. The fossil 
does not contain any resin canals. Xylem 
parenchyma is quite abundant in the form of 
scattered cells all through the wood ( TEXT- 
FIG. 1; Pr. 1, Fıc. 1); the cells are always 
filled with black resinous substance. In 
longitudinal section the cells of the xylem 
parenchyma are placed one above the other 
in fairly long vertical rows, the end walls 
being either transverse or slightly inclined 
Maul se BIGS. 2,3). 

The tangential section shows that the 
xylem rays are uni- to biseriate with the 
former condition predominant ( TEXT-FIGS. 1, 
2;Pr.1,Fıc.2). The rays are parenchyma- 
tous, 1-18 cells high, the average height 
being 6 cells. They vary from 100 to 450 u in 
length and 35 to 70 u in width. The ray cells 
are thin to thick-walled and oval to elliptic. 
The horizontal and tangential walls of the ray 
cells are perfectly smooth; pits are only found 
in the radial walls of these cells. The pits 
are 2-4 per field ( TEXT-FIG. 4; PL. 1, Fic. 
4), distinctly bordered, rather small and 
arranged irregularly. The border is round 
to oval, while the aperture is slit-like and 
vertical or a little obliquely placed. The 
tangential walls of the tracheids do not show 
any pitting. 

The bordered pits seen on the wall of tra- 
cheids in radial section (TEXT-FIG. 3; PL. 1, 


Fic. 4) are uni- to biseriate. The pits are 
circular and usually separate, but sometimes 
just contiguous without any flattening. 
When biseriate, they are opposite or sub- 
opposite. An important feature of the wood 
is the presence of rims of Sanio. These 
rims ( TEXT-FIG. 3; PL. 1, Fic. 4) are very 
distinctly preserved and can be seen both 
among the uniseriate and biseriate pits. The 
pits are 10-15 u in diameter with small, 
circular pores which are almost always pre- 
served. 

Discussion — All the afore-mentioned char- 
acters indicate that our fossil agrees in toto 
with the form-genus Mesembrioxylon created 
by Seward (1919). At the same time it 
may also be easily compared and unless all 
the important characters are considered to- 
gether, may even be confused with the form- 
genus Cupressinoxylon. There has always 
been a considerable difficulty in distinguish- 
ing the genus Mesembrioxylon from Cupres- 
sinoxylon as both exhibit somewhat similar 
combination of characters. But one dis- 
tinguishing feature is that of the nature of 
the field pitting, as has been recognized by 
Seward (1919), and Sahni ( 1931 ) which in 
Mesembrioxylon consists of one or two large 
simple pits or two or more small bordered 
pits with the pore placed vertically, while 
in Cupressinoxylon it consists of two or many 
small bordered pits with the pore placed 
horizontally. Our fossil, it can be said 
easily, agrees with Mesembrioxylon not only 
in the general features but also in the 
characteristic nature of the field pitting. 

Of the many species of Mesembrioxylon 
described from outside India only a few are 
comparable with the present South Indian 
wood. 

Mesembrioxylon Woburnense, described by 
Stopes (1915) from Bedfordshire, while 
agreeing with our fossil in general, differs in 
the possession of only uniseriate xylem rays, 
and in the nature of the field pitting, which 
consists of one or two large simple pits. 

Mesembrioxylon H ookert, described by Arber 
(1904) from Tasmania, resembles the present 
specimen to some extent in the height of the 
xylem rays, in the possession of abundant 
parenchyma, and distinct rims of Sanio, but 
differs in the presence of tangential pitting 
on the tracheids, a single large simple field 
pit (Eiporen), and in the absence of bi- 
seriate rays and biseriate radial pits. 

Mesembrioxylon fusiforme, described by 
Sahni ( 1920) from Queensland, shows as in 
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TEXT-FIGS. 1-4 — Mesembrioxylon speciosum sp. nov. 


and xylem parenchyma. x 140. 


pitting. x 280. 


the present fossil a well-marked seasonal 
development, distinct rims of Sanio, short 
uniseriate rays and uniseriate circular pits in 
the radial walls of the tracheids. The 
Queensland species can, however, easily be 
distinguished in the absence of xylem paren- 
chyma and biseriate rays, and in the field 
pitting which consists of 1-2, often 3-4 long, 
simple, fusiform pits. 

Mesembrioxylon Sewardi (SAHNI, 1920), 
described from the same locality as that of 
the above species, agrees with our fossil in 
general features, but differs in the possession 


2, tangential section showing the biseriate xylem rays. x 140. 
section showing the bordered pits and rims of Sanio. 
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1, tangential section showing the xylem 
3, radia 


x 280. 4, radial section showing the field 


of tangential pitting, the presence of a singl 
large, simple pit in the field, and lastly in 
the absence of biseriate rays. 

Of the Indian species of Mesembrioxylon! 
(SAHNI, 1931; RAMANUJAM, 1953; BHAR 
DWAJ, 1953; SURYANARAYANA, 1953), eac 
one of them is sharply distinguished 
the present wood in one or another well 
marked difference. 

Thus, Mesembrioxylon malerianum, des- 
cribed frcm Maleri stage, Tiki, Rewah, an 
M. Parthasarathyi, described from the Sri 
permatur group (SAHNI, 1931), differ fro 
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our fossil in the lacking of xylem paren- 
chyma and rims of Sanio, and in the posses- 
sion of many small bordered pits in the field. 

Mesembrioxylon Schmidianum, described 
from Tiruvakkarai, 13 miles W.N.W. of 
Pondicherry ( SAHNI, 1931 ), possesses xylem 
rays 2-100 cells high, while the rays in our 
species are only 1-18 cells high. 

Mesembrioxylon godavarianum, from Boga- 
palmila in the Godavari area ( SAHNI, 1931), 
agrees with our fossil in the possession of 
abundant xylem parenchyma, and in the 
general height of the xylem rays, but differs 
sharply in the absence of rims of Sanio, 
growth-rings and in its greater number 
( 2-6 ) of field pits. 

Mesembrioxylon Sahnii, described by the 
author (1953!) from Tiruvakkarai, differs 
very markedly from the present specimen in 
possessing 1- to 3-seriate rays, a single, 
simple fusiform pit in the field, and lastly 
in the absence of rims of Sanio. 

Mesembrioxylon tirwvakkaraianum,  des- 
cribed by the author ( 19531 ) from the same 
locality as that of the above species, also 
differs to a great extent from the present 
fossil in possessing higher rays ( 3-50 cells ), a 
large, single borderless pit in the field, and in 
the absence of rims of Sanio. 

M esembrioxylon indicum, described from the 
Rajmahal Hills, Bihar ( BHARDwAJ, 1953 ), 
while agreeing with our fossil in possessing 
well-marked growth-rings and in the general 
features of the xylem rays, differs sharply 
in the absence of rims of Sanio and xylem 
parenchyma. 

Lastly, mention may. be made of another 
Indian species, Mesembrioxylon tirumanga- 
lense, recently described by Suryanarayana 
(1953) from the Sripermatur stage. It 
differs from our species to a great extent in 
the absence of rims of Sanio, xylem paren- 
chyma and in the nature of its field pitting. 

From the above comparisons it would be 
evident that the present specimen differs 
from all the hitherto described species of 
Mesembrioxylon and consequently warrants 
the creation of a new species. 

The author has also compared the fossil 
specimen with a few modern species of 
Podocarpus and Dacrydium, viz. P. lati- 
foha, P. wallichianus, P. amara ande): 
cupressinum, and found that the podocarpa- 
ceous affınities of the fossil wood are very 
well marked. But unfortunately from the 
present state of our knowledge, it would not 
be possible to find out the exact generic 


relationships of fossil coniferous woods based 
only on the study of the secondary wood. At 
the same time the author feels that the 
generic affınities of the South Indian fossil 
wood appear considerably to be with the 
modern genus Podocarpus. 


Mesembrioxylon speciosum sp. nov. 


Diagnosis — Growth-rings well marked, 
transition from spring to summer wood 
usually abrupt, spring wood very well 
developed, summer wood narrow, 2-5 cells 
broad; resin canals absent, xylem paren- 
chyma in the form of scattered cells filled up 
with resin, quite abundant, end walls of the 
parenchyma cells transverse or slightly in- 
clined; xylem rays uni- to biseriate, 1-18 
cells high, average height 6 cells, cells thin to 
thick-walled, oval to elliptic; pits in the field 
2-4, small, bordered, border round to oval, 
aperture slit-like, vertical or obliquely verti- 
cal; radial pits uni- to biseriate, circular, 
separate, often just contiguous, when bi- 
seriate opposite or sub-opposite, pore of the 
pits small, round; rims of Sanio distinct. 


Class — ANGIOSPERMAE 
Subclass — DICOTYLEDONAE 
Order — ROSALES 
Family — LEGUMINOSAE 
Genus — Caesalpinioxylon Schenk 
1. Caesalpinioxylon Sitholeyi sp. nov. 


Description — The species is represented by 
two small pieces of silicified wood. They do 
not show any distinct growth-rings to the 
naked eye. However, a careful examination 
under the microscope shows that the seasonal 
development is present, although the growth 
marks are rather faint. These faint growth 
marks are recognized only due to the dif- 
ferences in the thickness of the walls of the 
fibres. 

The vessels are quite distinct to the naked 
eye. They are small to sometimes medium 
in size, moderately thick-walled and circular 
to oval in cross-section. They are diffuse, 
mostly solitary, although radial groups of 
2-3 vessels are not uncommon ( PL. 1, Fics. 
5,6). The vessels are either usually empty 
or filled with a dark coloured substance. 
They do not possess any tyloses. The per- 
forations are exclusively simple, horizontal 
or slightly inclined. The intervessel pitting 
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is very distinctly preserved. The pits are 
very small, alternate, and rounded with 
lenticular apertures. Vessel-ray pitting is 
simple; the pits again are small, rounded and 
many per cell, usually in two rows alternat- 
ing with each other ( TEXT-FIG. 6; PL. 2, 
Fic. 9). The vessel-parenchyma pits are not 
found, probably due to poor preservation. 
The fibres are generally not distinctly pre- 
served. However, some carefully ground 
sections have shown their nature and dis- 
tribution tolerably well. These sections had 
to be rather thick to enable the fibres to be 
seen properly. The fibres are libriform to 
semi-libriform and considerably thick-walled. 
They are squarish to polygonal in cross- 
section and aligned in regular radial rows. 


They are non-septate and of medium 
length. The pits to the fibres are very in- 
conspicuous; are very small, simple or 


narrowly bordered, circular and numerous 
per fibre. These pits can be seen in both the 
tangential and the radial sections. 

The parenchyma is abundant and re- 
presents the most conspicuous and well- 
preserved of all the tissues. To the naked 
eye it appears as light-coloured patches 
around the vessels, and also linking up a few 
vessels tangentially, against the darker 
background of the fossil (Pr. 1, Fic. 5). 
The parenchyma is typically paratracheal 
( TEXT-FIG. 5; PL. 1, Figs. 5,6). It is either 
in narrow aliform sheaths or in irregular con- 
fluent bands or patches. An interesting 
feature of the parenchyma under investiga- 
tion is its storied nature. At many places 
the storied nature is more or less quite dis- 
tinct, although the cells of the individual 
stories are rather short. The cells of the 
parenchyma in cross-section are rounded, 
somewhat thick-walled and either empty 
or plugged with some brown-coloured de- 
posit. Pits to these cells are simple, cir- 
cular, many per cell and placed in two rows 
alternating with each other. 

The xylem rays are rather indistinct to the 
naked eye. They are moderately numerous 
and show a definite tendency towards storied 
arrangement (PL. 2, Fic. 7). At many 
places a few of the rays in a storey tend to be 
higher than the others, thereby disturbing 
the uniformity of the height of the rays. 
The rays are 1-3 seriate ( TEXT-Fics. 7, 8) 
of which the 2-3 seriate condition is pre- 
dominant. They are mostly 12-18 cells 
high, although at some places the height of 
the rays reaches about 30 cells. The rays are 


all homogeneous (Pr. 2, Fic. 8) bein 
formed of rounded procumbent cells of 
various sizes. The horizontal and tangen 
tial walls of the rays appear smooth. The} 
ray cells are mostly thick-walled and infil-|] 
trated with some dark-coloured deposit. | | 

The fossil does not possess either vertical|) 
or horizontal secretory canals. | 

There are no ripple marks. 

Comparison with the Living Species — 116 
xylem parenchyma, xylem rays and thelh 
diffuse nature of the vessels, coupled with: 
their intervessel pitting, are the distinguish- 
ing characters of the fossil. Comparison 
with the modern families has shown that the: 
fossil somewhat resembles families likey 
Sapindaceae, Urticaceae and Leguminosae. 
Of these it differs from the members of 
Sapindaceae and Urticaceae in the storied 
tendency of its rays, the distinct storied 
arrangement of the parenchyma cells and! 
also in its characteristic intervessel and, 
vessel-ray pitting ( METCALFE & CHALK, 
1950; PEARSON & Brown, 1932; GAMBLE,, 
1922 ). 

Of the modern members of Leguminosae, 
our fossil shows particular resemblance wit 
the genera of the sub-family Caesalpineae, 
like Tamarindus, Afzelia, Caesalpinia, Poin 
ciana and Aldina. A comparison with th 
woods of these genera has revealed a clos 
similarity with the wood of the type o 
Caesalpinia. The similarity holds good i 
the nature and distribution of the vessels} 
and fibres, in the distribution and storied 
arrangement of parenchyma, and lastly inj 
the details of the xylem rays. 

Comparison with the Fossil Species — Of the! 
comparatively few species of fossil dicoty- 
ledonous woods described from India, onl 
Cynometroxylon indicum reported by Chow 
dhury and Ghosh ( 1946) from the Tertiary) 
of Assam represents the Caesalpinian wood. 
The latter differs very greatly in more tha: 
one respect from our species. In Cynomet 
roxylon indicum the parenchyma is in th 
form of numerous apotracheal bands, th 
cells of which are not storied, and the ray 
are heterogeneous with no storied tendenc 
whatsoever. 

From outside India although a goodli 
many fossil leguminous woods have been 
described, only a few are comparable withi 
the present fossil. | 

Caesalpinia Nathorsti, described by Schus- 
ter (1910) from the Tertiary of Uruguay, agrees# 
with our fossil in general features, but differs# 
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TEXT-FIGS. 5-8 — Caesalpinioxylon Sitholeyi sp. nov. 


the distribution of the parenchyma. 
ays. x 280. 


u 35% 


markedly in the nature of its parenchyma 
which is not storied and represented mostly 
by vasicentric sheaths, and in the rays which 
do not exhibit any tendency towards storied 
arrangement. 

Chiarugi ( 1933 ) has described three in- 
teresting species of Caesalpinioxylon, viz. 
C. miguiritinum, C. Ducis-Apruti, and C. 
Zaccarinii, from the Plio-Pleistocene of 


6, vessel-ray pitting. x 280. 


ee ef Je उप फ्रपप्य 71 


8 


5, semi-diagrammatic cross-section showing 


7, 8, homogeneous xylem 


Somaliland in Africa. They can be sharply 
distinguished from the present specimen in 
one or another important character. Thus 
in Caesalpinioxylon muguiritinum, vertical 
gum ducts are present. In Caesalpinioxylon 
Ducis-Apruti the intervessel pits are simple, 
and the parenchyma is relatively scanty in 
the form of narrow vasicentric sheaths. In 
Caesalpinioxylon Zaccarini the parenchyma 
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is scanty and primarily diffuse. In none of 
these three Somaliland species the paren- 
chyma and the rays show either a storied 
arrangement or any tendency towards it. 

Leguminoxylon Edwardsi ( KRAUSEL, 1939 ) 
from the Tertiary of Egypt agrees more or 
less closely with our fossil in the size, shape 
and arrangement of the vessels, in the dis- 
tribution of parenchyma, and in the nature 
of the fibres. At the same time the dif- 
ferences between the two species are marked. 
Thus in Leguminoxylon Edwardsi the rays 
are mostly uniseriate, heterogeneous and 
irregularly distributed, while in the present 
specimen they are mostly 2-3 seriate, homo- 
geneous and show a tendency towards 
storied nature; besides in Leguminoxylon 
Edwardsi the parenchyma cells are not 
storied while in the present fossil they are 
clearly storied. 

It is evident from the above comparisons 
that the fossil under investigation differs 
from all the hitherto described species. As 
the affınities of our fossil are with the mem- 
bers of Caesalpineae, in particular, it is group- 
ed under Caesalpinioxylon Schenk (1890). 

The author is of the opinion that the 
South Indian fossil is nearer the genus 
Caesalpinia than any other member of that 
family. The fossil wood is specifically nam- 
ed after the author’s respected teacher Dr. 
R. V. Sitholey. 


Caesalpinioxylon Sitholeyi sp. nov. 


Diagnosis — Growth-rings present but 
faint, distinction between early and late 
wood not sharp. 

Vessels diffuse, quite indistinct to the 
naked eye, small to sometimes medium, 
75-110 u, mostly solitary, sometimes in radial 
groups of 2-3, round to oval, thick-walled; 
perforations simple, horizontal or slightly 
inclined; intervessel pits very small, alter- 
nate, border rounded, aperture lenticular; 
vessel-ray pits simple, very small, rounded, 
many per cell usually in two alternating 
rows. 

Fibres libriform to semi-libriform, squar- 
ish to polygonal in cross-section; unseptate, 
1,200-1,450 y in length; pits inconspicuous, 
circular, simple or narrowly bordered. 

Parenchyma abundant, distinct to the 
naked eye as light-coloured patches; typical- 
ly paratracheal, either in narrow aliform 
patches or in irregular confluent sheaths; 
distinctly storied; cells rounded, thick- 


| 
| 
| 
| 
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walled, 35 u in diameter, empty or plugged! 
with brown contents; pits simple, circular, | 
many per cell. | 

Rays indistinct to the naked eye, | 
rately numerous, 8-11 per millimetre, show] 
definite tendency towards storied arrange-) 
ment; 1-3 seriate, mostly 2-3 seriate,, 
12-18 cells high; homogeneous with rounded: 
procumbent cells, ray cells thick-walled) 
usually filled with some dark deposit. | 

Secretory canals absent. 

Ripple marks not found. 


Genus — Acacioxylon Schenk 


2. Acacioxylon indicum sp. nov. 
The species is represented by two small! 
pieces of highly silicified wood. | 

The growth-rings are very indistinct. The 
vessels are scanty but evenly distributed. | 
They are generally placed singly or in pairs} 
and sometimes in series or radial groups of} 
3-4 ( PL. 2, Fic. 10). Frequently the vessels} 
are also grouped in irregular clusters. In 
cross-section the vessels are either spherical 
or elliptical. They are large, thick-walled 
and either open or plugged with a dark! 
gummy substance. The vessels do not con- 
tain any tylosic ingrowths. The perforations 
are simple and horizontal. The intervessel 
pits are very small and numerous. They 
are roughly circular with very inconspi- 
cuous apertures preserved rather poorly. 
Vessel-ray and vessel-parenchyma pits are 
same as the intervessel pits. 

The fibres are libriform and of medium 
length. They are angular in cross-sections 
and arranged in regular radial rows. The 
fibres are typically septate. The septa, prob- 
ably due to poor preservation, are not always 
distinct; at some places they are more or! 
less blurred. Interfibre pitting is simple; 
the pits are circular and very minute. 

The parenchyma, as in the previous species, 
is clearly preserved. It is very distinctly 
visible to the naked eye as light-coloured 
patches against the dark background of the 
fossil wood. The parenchyma is very abund- | 
ant and of two types, paratracheal and | 
apotracheal ( TEXT-FIG. 9; Pr. 2, Fics. 10, 
11). Of these types the former is in pre-| 
dominant occurrence; it is represented by | 
thick aliform or aliform-confluent sheaths 
of 1-5 or 6 seriate. The apotracheal paren- | 
chyma is represented by irregular tangential 
bands and also by diffused cells or cell groups, | 


RAMANUJAM — ON SOME SILICIFIED WOODS FROM NEAR PONDICHERRY 47 


TEXT-FIGS. 9-12 — Acacioxylon indicum sp. nov. 
a biseriate homogeneous ray. x 280. 


distribution of the parenchyma. x 35. 10, 
homogeneous rays. x 280. 


the bands being 1-3 cells thick. The cells 
of the parenchyma in cross-section are 
either round or oval or sometimes elliptical, 
and are empty or filled with a dark solid 
gummy substance. These cells do not show 
any storied arrangement, nor there is any 


9, semi-diagrammatic cross-section showing the 
11, 12, triseriate 


tendency towards that nature. Pits of the 
parenchyma are simple, very small and 
numerous per cell. 

The rays are visible to the naked eye as 
more or less fine lines. They are fairly 
closely set, 3-5 seriate, and 10-18 cells high 
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( TExT-Fics. 11-13; Pr. 2, Fic. 12). The 
majority of the rays are 2-4 seriate and 
about 12 cells high. The rays in general 
are typically homogeneous and contain only 
procumbent cells, round to oval in outline 
The cells of the rays are considerably thick- 
walled and, as arule, are plugged with a dark 
solid gummy deposit. Pitting to the hori- 
zontal and tangential walls of the ray cells 
is not seen. The rays do not exhibit any 
storied arrangement. 

Comparison with the Living Species — The 
comparison of the fossil with the modern 
plants shows that it can be compared with 
the families like Urticaceae, Combretaceae 
and Leguminosae. The members of Urti- 
caceae and Combretaceae, although agreeing 
with the fossil in some features, differ rather 
sharply in one or the other diagnostic 
character. A few species of Terminalia are 
particularly interesting in thisrespect. They 
resemble our fossil in a considerable way in 
the general features. At the same time they 
differ in the intervessel pitting and in the 
possession of very narrow rays ( 1-2 seriate ), 
the cells of which contain single crystals. 

The family Leguminosae contains many 
well-known woody genera like Acacia, Al- 
bizzia, Afzelia and Tamarindus which come 
rather nearer the fossil. Afzelia and Tama- 
rindus, however, differ in possessing frequent- 
ly initial bands of parenchyma, storied 
tendency of parenchyma and the rays, the 
latter being mostly very short and narrow. 
The fossil also differs from the species of 
Albizzia in possessing more abundant paren- 
chyma, which is aliform-confluent as well as 
in tangential bands, in the frequent occur- 
rence of the vessels in irregular clusters, 
and in completely lacking the tendency to- 
wards the storied nature of the rays. With 
the species of Acacia, however, the compa- 
rison holds good in almost all the important 
characters. 

Comparison with the Fossil Species — Of the 
fossil woods of Leguminosae described from 
India and outside India, only a few species 
are really comparable to the present speci- 
men. 

Cynometroxylon indicum (CHOWDHURY & 
GHosH, 1946) and Leguminoxylon burmense 
(Gupta, 1936) described from India offer 
little comparison with the present fossil 
wood. 

Schenk (1890) described from the Ter- 
tiary rocks of Egypt two fossil woods of 
Leguminosae resembling the modern genus 


Acacia. These are Acacioxylon antiquum 
and Acacioxylon vegae. Both these species [5 
have been redescribed in detail by À 
(1939). The fossil wood under investigation |} 
resembles these species rather closely and |}. 
differs from them only in the characters of || 
specific importance. Thus Acacioxylon anti-| 
quum resembles the present specimen in the | 
diffuse nature of the vessels, in the inter- 
vessel pitting, nature of the fibres and to some 
extent the distribution of the parenchyma, 
but differs in possessing comparatively 
smaller vessels and narrower rays. Besides, | 
diffused parenchyma is absent in the Egyp- 
tian species. Acacioxylon vegae, although re- 
sembling our fossil to a great extent, can, 
however, be distinguished in possessing high- 
er rays, in the greater abundance of meta- 
tracheal parenchyma, and in the absence 
of diffused parenchyma. Intervessel pit- 
ting and pits to the fibres and parenchyma 
have not been described in Acacioxylon vegae 
and hence the comparison cannot go any 
further 

Leguminoxylon acaciae Kräusel (1939) 
described from the Tertiary of Egypt, re- 
sembles our fossil in the size, shape and 
distribution of vessels, in the nature of fibres | 
and to some extent in the distribution of 
parenchyma, but differs in the lack of tan- 
gential bands of apotracheal parenchyma, | 
and in the possession of very narrow rays | 

Leguminoxylon piptadeniae Hofmann(1952), | 
described from the Oligocene of Austria 
while agreeing with the South Indian fossil 
in general features, differs rather markedly 
in lacking apotracheal parenchyma and in 
the possession of heterogeneous rays 

The fossil under investigation, as has been 
mentioned above, resembles the modern genus 
Acacia. It is, therefore, grouped under the 
genus Acacioxylon Schenk (1890). As it 
differs from all the hitherto reported species 
it has been given a new specific name Aca- 
cioxylon indicum 


Acacioxylon indicum sp. nov. 


Diagnosis — Growth-rings very indistinct 
vessels diffused, scanty in distribution 
2-4 per millimetre, solitary or in pairs, some- | 
times in radial groups of 3-4, frequently in | 
irregular clusters, circular or elliptical, large 
220-250 u, thick-walled, open or plugged with | 
a dark, gummy deposit; tyloses wanting; per- 
forations simple, horizontal; intervessel pits 
very small, numerous, circular; vessel-ray and 
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vessel-parenchyma pits same as intervessel 
pits. 

Fibres libriform, of medium length, 1,150- 
1,500 y, angular in cross-section, arranged in 
regular radial rows; typically septate, pits to 
the fibres simple, circular, very minute. 

Parenchyma very abundant, distinctly 
visible to the naked eye as light-coloured 
patches against the darker background of the 
fossil; paratracheal as well as apotracheal, 
the former predominant, aliform or aliform- 
confluent sheaths 1-5 or 6 cells thick, the 
latter in tangential bands of 1-3 cells thick 
and also as diffused cells or cell groups; 
parenchyma cells 40 u in diameter, round 
to oval or elliptical, empty or filled with a 


dark, gummy deposit; not storied; pits sim- 
ple, very small, circular, numerous per cell. 

Rays visible to the naked eye as more or 
less fine lines; 6-9 per millimetre, 2-5 seriate, 
10-18 cells high; typically homogeneous 
made up of thick-walled round to oval pro- 
cumbent cells, filled with a dark, gummy 
deposit; rays not storied. 
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EXPLANATION OF PLATES | 


PLATE I 


Figs. 1-4, Mesembrioxylon speciosum sp. nov. 


1. Cross-section showing the scattered cells of the 
resiniferous xylem parenchyma. x 35. 

2. Tangential section showing the nature of the 
xylem rays and xylem parenchyma. X 35. 

3. A part of Fig. 2 enlarged. X 95. 

4. Radial section showing the tracheidal pitting 
and pitsin the field. Note the rimsofSanio. x 200. 


Figs. 5-9, Caesalpinioxylon Sitholeyi sp. nov. 


5. Polished transverse surface of the fossil under 
low magnification to show the gross structure. X 3. 

6. Cross-section showing the size, shape and 
distribution of vessels and parenchyma. x 35. 


PLATE 2 


7. Tangential section showing the nature of the 
rays. Note the tendency of the rays towards 
storied arrangement. x 50 

8. Radialsection showing the homogeneous nature 
of the rays. x 35 

9. Radial section showing intervessel and vessel- 
ray pitting. x 200 | 


Figs. 10-12, Acacioxylon indicum sp. nov. 


10. Polished transverse surface of the fossil under 
low magnification to show the general structure 
DP | 
11. Cross-section showing the nature of the paren-| 
chyma. x 35 | 

12. Tangential section showing the nature of the! 
19093, 035: 
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RECONSTRUCTION OF THE VEGETATIVE BRANCHES 
VEEZRIELOLHECA EIHERIDGBERARBER AND 
Pr SAHNIT SARSENA 


SHIVDAYAL SAKSENA 


Darbar College, Rewah, 


ABSTRACT 


On the basis of the impressions of fragments of 
stems and old and young leaf-sheaths the vegetative 
branches of Phyllotheca Etheridgei Arber and P 
Sahnii Saksena have been reconstructed in natural 
size diagrams. P. Etheridgei is an Australian species 
belonging to the New Castle Series ( Upper Coal 
Measures ) while P. Sahnii is an Indian species from 
the South Rewah Gondwana basin. The reconstruc- 
tion of P. Sahnii is based considerably on the idea 
derived from the impressions of P. Etheridgei, as the 
fragmentary impressions of the Indian species are 
very similar to those of the Australian. 


INTRODUCTION 


T HE original material of Phyllotheca 
I Etheridge Arber ( 1905 ) was obtained 
by the late Professor Birbal Sahni 
from the Australian Museum, Sydney, and 
from the Sedgwick Museum, Cambridge, for 
comparing with P. Sahnit Saksena ( 1952 ) 
from South Rewah Gondwana basin, Central 
India. Both the Sydney and the Cambridge 
specimens came from the same locality in 
Australia. They consisted of the type speci- 
mens which were collected from the New 
Castle Series (Upper Coal Measures) at 
Shepherd’s Hill, near New Castle, New 
South Wales, and from the same horizon at 
Merewether Beach, New Castle. The Indian 
specimen was collected by Mr. N. K. N. 
Aiyengar of the Geological Survey of India. 
It is now kept at the Birbal Sahni Institute 
of Palaeobotany, Lucknow 
The reconstruction of the vegetative 
branch of Phyllotheca Etheridge: is based on 
the impressions of stems and leaves which 
are preserved in different stages of growth. 
The Indian species, P. Sahnit, is very closely 
allied to P. Etheridgei and its reconstruction 
is based partly on its actual impressions and 
partly on the idea derived from the impres- 
sions of the Australian species 
The author is extremely thankful to Dr. 
A. B. Walkom of Sydney and Mr. A. G 
Brighton of Cambridge for lending the valu- 
able type specimens. He is deeply indebted 
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Vindhya Pradesh 


to the late Professor Sahni who very kindly 
placed the material for study at his disposal. 


MATERIAL 


Three specimens—F. 5470 (smaller piece), 
F. 5470 (bigger piece) and F. 29696— 
from Australian Museum, Sydney, and seven 
specimens — L 95, L 96a and b, L 98a to 
d— from Sedgwick Museum, Cambridge, 
were obtained. Out of these all the speci- 
mens from Sydney and L 96a from Cambridge 
have proved helpful in the reconstruction 
of the vegetative branch of Phyllotheca 
Etheridget. 

P. Sahnit is represented by four frag- 
ments preserved on two counterparts of a 
specimen of carbonaceous shale, bearing 
Geological Survey of India number K 25/ 
522. The plant material is in the form of 
soft, delicate, highly carbonized crust. 


DESCRIPTION 
Phyllotheca Etheridge Arber 


On specimen 96a there are well-preserved 
impressions of nodes with leaf-sheaths and 
internodes of the older parts of the stem. On 
specimens F. 5470 and 29696 are preserved 
a young branch with nodes and internodes, 
a young leaf-sheath and several others in 
cross-section. The leaf-sheaths are preserv- 
ed at various angles, on the basis of which 
a complete reconstruction of the same can 
be made. The structure of the young and old 
leaf-sheaths can be well made out in one 
and the same specimen (F. 5470, Fic. 5) 
After giving the description of each part 
separately the whole branch has been re- 
constructed ( TEXT-FIG. 1) on the basis of 
actual impressions. 

Internode — There are two specimens 
showing several internodes. One of these 
(L 96a, Fic.2) shows a portion of an 
adult stem. It has two clear internodes, 
both of which are 1-8 cm. long. The stem 
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10% वाल D 1, reconstruction of a branch of Phyllotheca Etheridgei Arber. 2, reconstruction of 


a branch of Phyllotheca Sahnii sp. nov. 


is ridged. The other specimen (F. 5470 — 
bigger piece, Fic, 4) shows a younger 
stem with three complete and two in- 
complete internodes. The complete inter- 
nodes measure approximately 1-3, 1-1 and 
0-7 cm. respectively, the smallest inter- 
node indicating the portion of the stem 
nearer the apex. The gradual shorten- 
ing of the internodes clearly shows the 


approach of the apical portion which is 
not preserved in the specimen. The adult 
internode is about 1-8 cm. long, while the 
longest internode in the young branch is 
1-3 cm. The intermediate portion has | 
been completed on imaginary basis. | 
Nodes and Leaf-sheaths — The nodes are 
marked with the attachment of the lower | 
portion of the leaf-sheaths. The old leaf- 
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sheaths can be divided into three por- 
tions — base, disc and teeth (Fıc. 3). 
The tentacle-like prolongations of teeth 
are seen. In young leaf-sheaths are seen 
tentacle-like prolongations of the teeth 
( Fic. 5 ) which represent individual linear 
leaves or segments forming the sheath. 
In the sheath there are 31 or more veins 
which continue in the teeth or in the tenta- 
cular prolongations of the free portions 
of the leaves. 

The base of the sheath, which is marked 
by veins, is narrow, ascending, amplexi- 
caul. It clasps the stem for about 3 mm. 
(Fic. 3A ) after which it gradually spreads 
out into an open saucer-like peltate disc, 
which gradually curves backwards. The 
teeth point outwards and bend slightly 
downwards at the tip while the tentacles, 
due to their length and weight, hang 
downwards (Fıc. 4). 

All these characters which are seen 
clearly preserved in different specimens 
have been put together to give the collec- 
tive idea of a vegetative branch of Phyl- 
lotheca Etheridgei. 


Phyllotheca Sahnit Saksena 


One of the four fragments shows a leaf- 
sheath flatly preserved, the distal portion of 
which seems to be incomplete. The sheath 


consists of 22 veins ( Fic. 8). It cannot be 
said decisively about this species whether in 
its adult sheaths there are teeth or strap- 
shaped projections, because the distal part 
of the sheath is not visible. Most probably, 
due to the incurved margin of the disc the 
distal portion is either overlapped by the 
body of the disc or destroyed. Moreover, 
due to the carbonized impression the over- 
lapping cannot be made out. 

The other fragment represents only a part 
of a leaf-sheath, but in this impression the 
segments give the clue that their distal ends 
are free and are continued into a strap or 
tentacle-like prolongation (Fic. 6C). The 
third fragment shows the longitudinal sec- 
tion of a stem at a node in which the ascend- 
ing amplexicaul base of the sheath, and the 
spreading and incurving of the saucer-like 
peltate disc is well represented (Fic. 7). 
This fragment compares very well with a 
similar impression of P. Etheridgei ( Fic. 
3B). On the basis of these similarities it 
is concluded that P. Sahni was very similar 
to P. Etheridge: in general habit and form. 
It differed only in minor details (SAKSENA, 
1952, p. 414). ‘Therefore, in the recons- 
truction of the vegetative branch of P. 
Sahni much help has been taken from the 
details available from P. Etheridgei especially 
with regard to the internodes and younger 
portion of a branch. 
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EXPLANATION OF PLATE 1 


1. Phyllotheca Etheridgei Arber, specimen L 960. 
2९7 14 
2. Phyllotheca Etheridgei Arber, specimen L 96a. 


16 
À 3. Phyllotheca Etheridgei Arber, specimen F.29696. 
À, leaf-sheath in side view showing base, disc and 
teeth. B, a node with leaf-sheath in sectional 
view. 

4. À young branch of P. Etheridgei Arber, with an 
impression of an old leaf-sheath lying in its side. 
Specimen F. 5470 ( bigger piece). x 13. 


5. Phyllotheca Etheridgei Arber (smaller piece ), 
showing two young leaf-sheaths at A and Band an 
old one at C. x 1:1. 

6. Phyllotheca Sahnii sp. nov. General view of all 
the four segments (A-D). Specimen K 25/522. x 1. 

7. Phyllotheca Sahnii sp. nov. Counterpart of 
specimen K 25/522. x 1. 

8. Phyllotheca Sahnii sp. nov. Fragment A (leaf- 
sheath), and fragment B (stem with a node) 
enlarged from the counterpart of specimen K 25/522, 
JS 760 03: 
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THE MESOZOIC AND TERTIARY FLORAS OF INDIA — 
A REVIEW* 


RVSSITHOBEY 
Birbal Sahni Institute of Palaeobotany, Lucknowf 


INTRODUCTION 


T is intended in this article to present a 
I general account of the Mesozoic and 
Tertiary floras of India. Two very 
informative surveys of the Indian fossil 
floras, including those of Mesozoic and Ter- 
tiary age, have already been made by the late 
Professor Birbal Sahni in 1921 and 1938. 
The present article, therefore, apart from 
supplying a brief introduction to the different 
Mesozoic and Tertiary plant-bearing forma- 
tions of India, will be mainly concerned with 
the new material discovered in them since 
1938. 


THE MESOZOIC FLORAS 


(i) Mesozoic Formations of the 
Gondwana System 


The general sequence of these formations 
is shown in Table 11. The deposits are 
mostly of fluviatile and lacustrine nature, 
and range in age from the Lower Triassic to 
the Lower or perhaps Middle Cretaceous, 
The chief areas of their occurrence are in the 
Peninsular India. Jurassic plants of Gond- 
wana affinities are also found in Ceylon. In 
the Salt Range of the West Punjab ( Pakis- 
tan ) a rich flora of Jurassic age is met with 
in beds intercalated with marine formations. 

For the first and, still in several respects, 
the most comprehensive illustrated descrip- 
tion of Gondwana plants, reference must be 
made to the Fossil Flora of the Gondwana 
System, in four volumes, begun by Oldham 
and Morris and completed by Ottokar Feist- 
mantel. The account of Mesozoic plants is 
contained in the first two volumes ( OLDHAM 
& Morris, 1863; FEISTMANTEL, 1876-79 ) 


1. The Gondwana system in India has been 
classified by different workers into either two or 
three main divisions. The significance of this is 
discussed later under the section entitled “ The 


’ 


Problem of the Middle Gondwana ’”’. 


and in parts of the third and the fourth 
volumes ( FEISTMANTEL, 1880-82 ). 

Triassic — In the Trias the lowest beds 
are of the Panchet series which corresponds 
in age to the Bunter of Europe. Fossil 
plants have been found in the lower part of 
the series in the Raniganj coalfield, near 
Maitur. They include Triassic forms like 
Schizoneura and Thinnfeldia together with 
the elements of the Glossopteris flora. 

The Parsora stage ( after Parsora in south 
Rewah ) constitutes an important plant- 
bearing horizon within the Triassic. The 
flora here is characterized by an abundance 
of Thinnfeldia associated with Cordaites and 
Glossopteris. The age of the Parsora beds 
has been much debated. It has been re- 
garded (see SAHNI, 1938) in turn as Lower 
Triassic (even late Permian ), Rhaetic and 
only slightly older than the Jurassic. The 
Parsora flora has figured actively in the 
controversy surrounding the classification of 
the Indian Gondwanas. 

The Maleri stage, also included within 
the Trias, has yielded a few conifers. Mesem- 
brioxylon malerianum Sahni comes from 
the Maleri horizon in south Rewah, while 
Araucarites cutchensis and Elatocladus jabal- 
purensis are found in Naogaon (west of 
Maleri) in Hyderabad State. On the evi- 
dence of these fossils, the last two of which 
are common in the Kota and Jabalpur 
stages, Sahni (1931) regards the Maleri 
beds to be Rhaetic or Jurassic in age. 

Jurassic — In the Jurrassic are included 
the series of strata named Rajmahal, Kota 
and Jabalpur. The relationship between the 
Kota and Rajmahal stages is uncertain, 
and of the two Kota is probably the younger. 
Plant-bearing strata assigned to the Raj- 
mahal, Kota and Jabalpur stages occur scat- 
tered in several parts of India. The best 
development of the Rajmahal stage is to be 
found in the Rajmahal Hills of Bihar where a 
rich flora is preserved in Intertrappean beds. 


*Reproduced from Reports and Communications of the Eighth International Botanical Congress, 


Paris, 1954, Section 5, pp. 209-230. 


tPresent address: National Botanic Gardens, Lucknow. 
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The beds at Gollapilli near Ellore in the new 
Andhra State also belong to the Rajmahal 
stage. The Rajmahal flora, among all others 
of Jurassic age in India, contains the largest 
number of species. The cycadophytes (mostly 
Bennettitales) predominate, while conifers 
come a close second. The next in order are 
ferns and there also occur a few lycopods 
and equisetales. 

The Kota stage is developed in the Goda- 
vari valley south of Chanda and its outcrops 
are found in several localities along the east 
coast of India. The Jabalpur beds occur at 
Jabalpur and other localities in Madhya 
Pradesh and in the Satpura basin. The 
majority of plant fossils in these two stages 
belong to the Coniferae; there are several 
species of cycadophytes and a few ferns. The 
Kota and Jabalpur beds also contain a few 
Ginkgoalean leaves which, till a few years 
ago, were the only fossils of this group 
known from the Jurassic rocks of India. 
Recently Ginkgoalean leaves have been dis- 
covered in the Rajmahal Hills also. 

Cretaceous— The Umiaseries of Kach are the 
highest beds of the Gondwana system. They 
extend from Upper Jurassic to Lower Creta- 
ceous. The Umia flora consists almost wholly 
of conifers with a few cycadophytes and ferns. 

Apart from the plant remains, the Panchet, 
Parsora and Maleri stages contain many re- 
mains of vertebrate animals (fishes, amphi- 
bians and reptiles). Vertebrate fossils also 
occur in the Kota stage, while the Umia series 
are rich in marine fossils, chiefly cephalopods. 

In the appendix is given a list of the im- 
portant species found in the different stages 
of the Gondwana system falling within the 
Mesozoic era. This list, based on the table of 
species given by Sahni in 1921, incorporates, 
as far as possible, all the nomenclatural 
changes and important discoveries of fossil 
plants made since Sahni’s table was published. 


(ii) The Problem of the Middle 
Gondwana 


A division of the Gondwana system into 
an upper and a lower part has been adopted 
by the Geological Survey of India. This 
classification was first given in 1879 by 
W. T. Blanford and H. B. Medlicott in the 
Manual of Geology of India, and was followed 
with a few alterations in the second edition 
of the manual by R. D. Oldham ( 1893 ). 
In 1917 Cotter revised the classification, but 
retained the twofold division (see TABLE 1, 


col. 1). The line of separation in this case 
lies at the top of the Panchet series which, 
together with the Damuda and the Talchir 
series, constitute the Lower Gondwana; the 
Upper Gondwana is formed of the Rajmahal, 
Kota, Jabalpur and Umia stages. 

The idea of the Middle Gondwana origi- 
nated from the plant fossils collected by 
Hughes in south Rewah, particularly from 
two localities, Parsora and Daigaon. In 
1882 Feistmantel proposed for the plant- 
bearing beds at these places the name 
“transitional beds’’. Feistmantel felt that 
these beds could not be accommodated 
satisfactorily within either of the two Gond- 
wana divisions; because, although strati- 
graphically they had an Upper Gondwana 
aspect, their plant fossils showed Lower 
Gondwana affinity. He, therefore, placed 
them with the Panchets in a new division — 
the Middle Gondwana. 

In 1910 Vredenburg, following the sug- 
gestion of Feistmantel, adopted the tripartite 
division of the Gondwana system in his 
Summary of Geology of India. In this 
scheme the Lower Gondwana corresponded 
with the Permian, and the Middle and the 
Upper with the Trias and the Jurassic res- 
pectively. This classification is also followed 
by Dr. Wadia (1953). In adopting a three- 
fold division ( TABLE 1, col. 3), Wadia has 
been influenced chiefly by the lithological 
similarity of the strata included in the Middle 
Gondwana and the affinities of the verte- 
brate fauna contained in them. Further, as 
the Mesozoic-Palaeozoic boundary occurs 
at the base of the Panchets, the tripartite 
division conforms to the European time 
scale. According to Wadia there is a striking 
difference between the life and physical con- 
ditions of the Middle Gondwana and those 
of the preceding Damudas; after the end of 
the Damuda period there was widespread 
extinction of Gangamopteris and the Spheno- 
phyllales indicating a datum line of con- 
siderable importance. 

The late Dr. C. S. Fox, who devoted con- 
siderable thought to the classification of the 
Gondwana system, believed that there was 
no justification for a tripartite division. He 
(1931 ) proposed a modification of the two- 
fold division, with the line of demarcation 
lying, as in Cotter’s scheme, above the Pan- 
chets (TABLE 1, col. 2). In Cotter’s scheme 
the whole of the Triassic is included in the 
Lower Gondwana, but the new arrangement 
suggested by Fox removes the Maleri and 
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Parsora stages from the Lower Gondwana 
and puts them in the Upper. Fox was of the 
view that there was no serious floral ‘ break ’ 
between the Damudas and the Panchets. 
The plant fossils of these ‘two series were 
closely related. There was, on the other 
hand, a marked change in the aspect of the 
flora at the close of the Panchet stage; it is, 
therefore, here that a separation of the Upper 
Gondwana should be made. Dr. Fox be- 
lieved that from floristic as well as climato- 
logical considerations the introduction of a 
Middle Gondwana served no useful purpose, 
unless its only aim was to enforce a strict 
agreement with the European time scale. 

The Age of the Parsora Flora — The name 
Parsora stage was given by Cotter ( 1917 ) 
to include several plant-fossil localities in 
south Rewah, viz. Daigaon, Karkati and 
Ganjra. The whole of this area was criti- 
cally examined by Fox and Aiyengar in 
1929. From this survey Fox (1931) con- 
cluded that two distinct floras were present 
in south Rewah: (i) the flora of Daigaon- 
Pali-Karkati beds which contains Damuda 
plants (Glossopteris, Vertebraria, etc.); and 
(1) the flora of the Parsora beds which shows 
Rajmahal affinities. According to him (loc. 
cit., p. 190) the presence of Cordaites at 
Parsora has not been confirmed, while good 
specimens of Neocalamites have been dis- 
covered in these strata. He, therefore, 
advises the restriction of the name Parsora 
stage only to the beds around Parsora which 
in his opinion are of Rhaetic age. 

Recently Saksena (1952) has examined 
Aiyengar’s collection from south Rewah 
and the fresh collections made by himself 
from several localities including Daigaon and 
Parsora. He classifies these plant beds into 
two categories: (i) those having a purely Lower 
Gondwana flora, and (ii) those showing a 
mixture of the Glossopteris and Thinnfeldia 
floras. The beds with the mixed flora, he 
would like to be placed in the Middle Gond- 
wana. Thus on purely palaeobotanical 
grounds, Saksena regards the Middle Gond- 
wana to be a convenient division. 

It seems that in spite of the controversy 
which has raged for more than 70 years 
around the Parsora flora we still do not know 
all its constituents. Now K. M. Lele ( 1954) 
reports the occurrence of a Pterophyllum 
from the Parsora beds. The group to which 
this genus belongs predominated the vege- 
tation of the Rajmahal stage. The latest dis- 
covery, if anything, lends weight to Dr. 
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Fox’s opinion about the Rajmahal affinities 


of the Parsora flora. 


(iii) Recent Discoveries in the 
Rajmahal Flora 


After the publication of the Fossil Flora of | 
the Gondwana System, there have not been 
many new discoveries of fossil plants in the | 
Panchet, Parsora, Kota, Jabalpur and Umia | 
In 1920 Seward and Sahni brought | 
out a revision of the more important Gond- | 
wana species; and in 1928 and 1931 Sahni | 
published a revision of the fossil conifers of | 
1 In the latter work several new ad- | 
ditions were made to our knowledge of Indian | 
Since then, the attention 
of workers in Indian Mesozoic floras has | 


beds. 


India. 
Mesozoic plants. 
been focussed chiefly on the Rajmahal 


Hills. An important collection comprising 
four new genera was described by the late 


B. P. Srivastava in 1945 from Nipania in | 


the Rajmahal Hills. The new genera are: 


(1) Lycoxylon indicum, a petrified lycopod | 
stem; (2) Pentoxylon Sahni, a gymnosperm | 


stem with vascular cylinder composed of 
5-6 steles showing pronounced centripetal 
growth; (3) 
conites ( with two species, C. laxum and C. 
compactum ); and (4) Nipanioxylon Guptai, 
another gymnospermous stem with a ring 


of eight vascular bundles, each having an 


equally developed zone of secondary wood 
round it. Pentoxylon Sahni and Carnoco- 
nites are now considered related to the leaves 


Taeniopteris spatulata which also occur plenti- 


fully at Nipania. 


The peculiarities of the individual structure | 
of Taeniopteris spatulata, Pentoxylon and | 
Carnoconites had long impressed Sahni. But | 


he found it difficult to assign them definitely 


to any known group of gymnosperms. | 
Taeniopteris spatulata has vascular bundles, | 
characteristic of the Cycadales (A. R. Rao, | 
1943 ), but its stomata are fundamentally | 
The stele of | 
Pentoxylon distantly recalls that of Rhexoxy- | 


of the Bennettitalean type. 


lon, but is unique in having a ring of tangen- 


tially expanded and curved bundles with a | 
peculiarly eccentric development of the || 
secondary wood; the secondary xylem is, | 


however, typically conifer-like. In Carno- 
conites the ovules ( with a very thick outer 
fleshy layer) are attached directly to the 


cone axis without any ovuliferous scale or | 
Sahni, therefore, proposed | 
(1948) a new group of gymnosperms, the || 


megasporophyll. 


| 


| 
"N 


female cones named Carno- | 
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Pentoxyleae, for the accommodation of these 
three genera. He believed that Pentoxylon 
Sahnii was the parent stem which bore the 
leaves Taeniopteris spatulata ( renamed Nipa- 
mophyllum Raoi by Sahni) and the female 
cones Carnoconites compactum. Nipanioxy- 
lon, in the opinion of Sahni, is allied to Pento- 
xylon and its proper place is in the Pentoxy- 
leae. The Pentoxyleae is to be regarded a 
synthetic group exhibiting a combination of 
characters of the Cycadales, Bennettitales 
and Coniferales. The new group occupies 
a rather isolated position despite certain 
affinities with both the stachyosperms and 
phyllosperms. 

A flower, Sahnia nipaniensis, which is 
probably a male flower of the Pentoxyleae, 
has been described by Vishnu-Mittre ( 1953 ). 
It is borne on dwarf shoots closely resem- 
bling those of Pentoxylon. It consists of 
many filiform-branched microsporophylls 
bearing stalked sporangia which contain boat- 
shaped pollen grains. 

For several years evidence has been ac- 
cumulating of the presence of podocarpaceous 
plants in the Rajmahal flora. The possi- 
bility of fossils like Mesembrioxylon and 
Elatocladus being podocarpaceous was point- 
ed out by Sahni in 1931. Now we have from 
the Rajmahal Hills Nipaniostrobus Sahnii 
and Masculostrobus rajmahalensis (A. R. 
Rao, 1953 ). Nipaniostrobus, a female cone 
with single-seeded scales, shows great resem- 
blance with Dacrydium in several charac- 
ters. Masculostrobus rajmahalensis is a male 
cone containing two-winged pollen grains. 
These two cones perhaps belong to the same 
plant. Nipamoruha granthia (A. R. Rao, 
1946 ) with needle-like spirally placed leaves 
and pycnoxylic wood is another conifer 
showing affinities with Podocarpaceae. The 
female cone of this has been discovered 
recently (A. R. Rao, 1949). Three-winged 
pollen grains, probably belonging to some 
podocarp, occur in the Nipania chert. An- 
other conifer recently discovered at Nipania 
is Stachyotaxus sp. (A. R. Rao, 1949). 

From Onthea, Ganju ( 1947 ) has described 
Beaniopsis rajmahalensis and two other 
fructifications, Ontheanthus polygandra and 
Ontheostrobus sessilis. Ontheanthus was re- 
garded by Ganju to be a unique type of male 
flower which differs from Bennettitales in 
possessing a perianth and in the spiral 
arrangement of its numerous sporophylls 
round a central peduncle. A male William- 
sonia, W. santalensis, described by Sitholey 


and Bose in 1953 from Sakrigalighat, has 
thrown light on the structure of Onthean- 
thus. The latter is now found to be the 
upper part of a flower of the W. santalensis 
type. It may be added that the puzzling 
features seen in Ganju’s Ontheanthus were 
due to the fossil being examined upside 
down. W. santalensis is a large flower with 
the microsporophylls bearing finger-like spore- 
producing members, superficially resembling 
those of Cycadocephalus. A new species 
of Williamsonia, W. Sahnii, believed to be 
bisexual, is reported by K.M. Gupta (1943) 
from Khairbani. But here only the stalks 
of the microsporophylls are present and 
nothing is known of the synangia. 

In Ontheostrobus numerous fairly large 
seeds are attached to a central organ, the 
exact form of which is not determinable. 
Unfortunately, nothing more of the structure 
of this fossilis known. The seed-scars form 
a pattern strikingly similar to the impressions 
of the ovules and interseminal scales on the 
problematical fossil described by Sahni and 
Rao in 1935 as Rajmahalia paradoxa. In 
Ontheostrobus sessilis, however, there is no 
sign of interseminal scales. 

Further investigation of the structure of 
Homoxylon rajmahalense Sahni, formerly re- 
garded as showing strong resemblance to the 
homoxylous Magnoliaceae, leaves little doubt 
that it is the wood of a Bennettitalean plant 
(Hsü & Bose, 1952). This is not surpris- 
ing, for such a possibility was foreseen by 
K. M. Gupta as early as 1934 and was not 
entirely ruled out by Sahni. H.rajmahalense 
shows great resemblance with the secondary 
wood of Bucklandia. A new species of 
Bucklandia, with Homoxylon-like compact 
secondary wood possessing sharply marked 
growth-rings, has been described by M. N. 
Bose (1953). Bhardwaj (1953) has des- 
cribed three new species of coniferous woods 
referred to the genera Mesembrioxylon, 
Cupressinoxylon and Dadoxylon. 

A recent important discovery in the Raj- 
mahal flora has been of the leaves of Gink- 
goales, a group previously not known from 
this flora (SAH, 1953; MEHTA & SUD, 1953 ). 
There have been only a few additions to the 
Rajmahal ferns. Among these the best 
known anatomically is Tinpaharia sinuosa 
described by Jacob (1943) from Tinpahar. 
This species is based on branched rhizomes 
which are believed to represent the vegetative 
organs of the widespread Jurassic form 
Coniopteris hymenophylloides. 
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(iv) The Upper Limit of the 
Gondwana System 


The plant-bearing beds of the Umia series 
of Kach occur in its upper part interstrati- 
fied with marine beds. The marine fauna is 
of uppermost Jurassic to Lower Cretaceous 
age. According to Sahni (1938) no un- 
doubted Lower Cretaceous plants are known 
from the Umia beds and he, therefore, 
advised that a search be made for them in 
the Umia flora. The general facies of the 
Umia vegetation, in Sahni’s opinion, is 
Jurassic and the majority of the plant-fossils, 
specially the conifers, is identical with the 
Jabalpur species. 

Professor Raj Nath, who carried out for 
several years an extensive investigation of 
the Kach strata, has given the name Bhuj 
series to the plant beds at Umia. Accord- 
ing to him the Bhuj series are post-Aptian 
and not older than the Middle Cretaceous, 
but they may be slightly younger. Raj 
Nath (1953) attaches considerable impor- 
tance to a palm wood ( Palmoxylon Mathuri 
Sahni )? as furnishing evidence of Middle to 
Upper Cretaceous age for these beds. He 
recognizes in the Bhuj series at Jeast three 
horizons, viz. the Zamia beds at the bottom, 
the Ptilophyllum beds in the middle, and the 
Palmoxylon beds at the top. The discre- 
pancy in the Umia flora (the occurrence of a 
palm together with Jurassic Cycadophytes 
and conifers ) is the result of failure to re- 
cognize the different horizons in the plant 
beds ( Ray NATH, loc. cit.). 


(v) Jurassic Marine Algae 
from Trichinopoly 


From the Cullygoody limestone of Tri- 
chinopoly S. R. N. Rao ( 1946) has describ- 
ed two species of Solenopora, S. juras- 
sica and S. coromandelensis. The age of 
this limestone has not been satisfactorily 
settled, and by some authorities it is regarded 
as a part of the Trichinopoly Cretaceous. 
According to Rao the algae ( especially 
Solenopora jurassica which has been recorded 
from the Bathonian of England and France ) 
point to a Lower to Middle Oolitic age for 
the Cullygoody limestone. 


2. This palm was collected from Kach probably 
by the late Professor K. K. Mathur of Banaras. It is 
believed to have come from the Umia beds, but at 
the time Sahni described it, he was not certain 
about its geological age. According to Professor 
K. N. Kaul this palm is a Bactris. 
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(vi) The Jurassic Flora of Ceylon 


Fossil plants of Jurassic age occur at two | 
localities, Tabbowa and Andigama, in the 


north-western part of Ceylon. The plant 


remains from Tabbowa were first described | 
Later | 


by Seward and Holttum (1922). 
Jacob (1938) and Sitholey (1944) 


Tres 


corded several other species from this loca- | 
lity. According to Seward and Holttum | 
the flora shows a close affinity with the | 
fossils of the Kota stage of the Madras coast, | 
with which it has several species in common. | 


The Tabbowa beds and the Kota beds of 
Madras are also similar in their relationship 
to the underlying rocks; in both the cases the 
plant-bearing beds rest unconformably on 
crystalline Archaean rocks. 


The second locality, Andigama, lies about | 


20 miles south of Tabbowa. Cladophlebis 
sp. and Elatocladus plana ( SITHOLEY, 1943 ) 
are found here in a concretionary haematite. 
A carbonaceous shale, which probably re- 
presents another Jurassic horizon at Andi- 
gama, contains a rich microflora which 
includes many types of spores and cuticles 
(SAH, 1953). Deraniyagala ( 1939 ) regards 
the carbonaceous shale to be equivalent to 
the Rajmahal stage. About the Tabbowa 
beds he agrees with the opinion of Seward 
and Holttum. The Andigama microflora 
contains several three-winged pollen grains 
which show a striking resemblance with Podo- 
sporites tripakshi of the Rajmahal flora. 


(vii) The Mesozoic Flora of the 
Salt Range 


At several localities in the western part 
of the Salt Range plant-bearing beds occur 
intercalated with marine formations. Feist- 


mantel regarded the Jurassic plant beds of 


the Salt Range to be representatives of 
the Gondwanas in the Punjab, associated, 
as in Kach and the east coast, with marine 
strata. These beds indicate land conditions, 


not necessarily in the place where the beds 


occur but more probably in the vicinity from 
where the vegetable remains were swept into 
the sea bordering western India 
1931). The Triassic plants 


spores described under the genus Triletes. 
Jurassic plants are plentiful in beds known 
as the variegated stage. There are two 


(Fox #| 
( SITHOLEY, | 
1943 ) include Equisetites, Sphenopteris, Clado- | 
phlebis, Indotheca (a pteridosperm micro- 
sporophyll ) and a large number of mega- | 
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species of Phlebopteris (SAHNI & SITHOLEY, 
1945), a tree-fern stem, Protopteris nam- 
malensis ( SITHOLEY, 1949), several species 
of Otozamites, and many coniferous shoots. 
Ptilophyllum is found in a massive sandstone 
of Cretaceous age in the trans-Indus part 
of the Salt Range. 


(viii) The Cretaceous Plants of India 


The Cretaceous system in India is very 
divergent in facies and spread over several 
parts of the country. Plant remains are, 
however, scarce and confined only to a few 
places, principally on the Coromandel coast. 
The majority of the species belong to marine 
algae. A Cycadeoidea* is reported by Jacob 
and Aiyengar (1941) from Varagur in the 
Trichinopoly district. From the same dis- 
trict Feistmantel (1877) has described Proto- 
cyathea trichinopoliensis. 

From the Ahmednagar ( Himmatnagar ) 
sandstones in Idar ( western India) Mato- 
nidium indicum and Weichselia reticulata 
have been described by Sahni (1936). 
The fossils, according to Sahni, indicate a 
Wealden age for the Himmatnagar sand- 
stones. 

The Upper Cretaceous rocks of the Coro- 
mandel coast are divided into three distinct 
stages. These are known (from the oldest 
to the newest ) as the Utatur, Trichinopoly 
and Aryalur stages. Cycadaceous wood 
occurs in association with many marine 
animal fossils in the Utatur and the Tri- 
chinopoly stages. The Aryalur beds contain 
a very rich marine fauna. The uppermost 
beds of Aryalur (recognized as a separate 
Niniyur stage) are characterized by an 
abundance of marine algae (L. R. Rao & 
J. Pra, 1936). The groups most abundant- 
ly represented here are the Corallinaceae 
and Dasycladaceae. The Niniyur stage is 
believed to be Danian in age. | 


THE FLORA OF THE DECCAN 
INTERTRAPPEAN SERIES 


The Deccan Intertrappean beds contain 
perhaps the best preserved petrified flora of 
India. These beds are found interstrati- 
fied with volcanic rocks which cover wide 


3. This is now described as Pseudocycadeoidea 
indica. See Aiyengar and Jacob, 1952. Rec. Geol. 
Surv. India. 82(2): 325-341. 


areas in central and western India. The 
fossils of Deccan Intertrappean series have 
been known for more than 100 years and 
were collected by the earliest geologists 
(Carter, Hislop, Hunter, Malcolmson ) who 
worked in India. Along with the plants 
many animal remains such as those of 
molluscs, crustaceans, frogs and fishes are 
found in this series. 

A graphic description of the conditions 
under which the organic remains of this 
formation were preserved was given by Sahni 
(1940) in his presidential address to the 
27th Indian Science Congress, Madras. The 
fossil flora includes many palms and dicoty- 
ledonous remains, coniferous woods, and a 
large aquatic element comprising algae, 
charophyta and water-ferns. 

The non-vascular elements of the flora 
comprise several members of the Dasy- 
cladaceae’ (J; PIA, SR No Raos& Koss: 
RAO, 19373 SR. NE RADARS AR AO 
1937 ); Chara oogonia ( K. S. Rao &S.R.N. 
Rao, 1939; SAHNI & S. R. N. RAo, 1943 ); 
and some fungal remains (SAHNI & H. 5. 
RAo, 1943). 

The water-ferns include Azolla  inter- 
trappea (SAHNI, 1941) and Rodeites, a bi- 
sporangiate sporocarp closely resembling the 
sporocarps of the Brazilian water-fern Reg- 
nellidium ( SAHNI, 1943a). The genus Mas- 
sulites of Sahni and H. S. Rao is now re- 
garded by Dr. 1. 5. Mahabale ( 1950 ) as the 
hollow massula of a fossil Salvinia. Maha- 
bale has also pointed out the strong resem- 
blance between the genus Sausarospermum 
(described by Sahni and B. P. Srivastava 
in 1934) and the megaspore of Salvinia 
auriculata. 

The conifers are represented by seed- 
bearing cones, Takliostrobus, Indostrobus and 
Pityostrobus ( SAHNI, 1931 ) and many woods 
referred to species of Dadoxylon and Cupres- 
sinoxylon. 

Among the angiosperms the most nume- 
rous are palm stems (SAHNI, 193la), a 
large number of which still remain to be 
investigated. Professor K. N. Kaul ( 1942 ) 
has suggested the splitting up of the highly 
artificial genus Palmoxylon, to which all the 
Deccan Intertrappean palms have been re- 
ferred, into more natural genera with the 
help of the characters of the ground tissue. 
Thus some of the Palmoxyla, it is noticed, 
can be identified anatomically with genera 
like Borassus, Bactris and Cocos. The palm 
fruits so far recorded are Nipa hindi, 
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Palmocarpon and Tricoccites ( SAHNI & RODE, 
1937 ). 

Besides the palms the other monocots in 
the Deccan Intertrappeans are Sparganium 
(MAHABALE, 1953) and two species of 
cardamoms. According to Sahni and Surange 
(1953) Palmoxylon Sahnit of Rode may 
not be a true palm but an extinct mem- 
ber of the Cyclanthaceae; they have, there- 
fore, proposed for it the name Cyclantho- 
dendron. It is possible that the 6-seeded 
fruits described as Viracarpon belong to the 
Cyclanthaceae. It is of considerable interest 
to note that in the Deccan Intertrappeans 
we have at least two plants, Cyclantho- 
dendron and Rodeites, which have close affi- 
nities with living types now confined to parts 
of South America. 

The dicotyledons are represented chiefly 
by leaves and woods, the earliest described 
being Phyllites mohgaoensis and Dryoxylon 
mohgaoensis (SAHNI & Rope, 1937). Of 
considerable interest is the fruit Enigmo- 
carbon Parijai (SAHNI, 1943), the struc- 
ture of which indicates affınities with the 
family Lythraceae. In 1944 Shukla dis- 
covered a flower which in the characters of 
its ovary showed a remarkably close resem- 
blance with E. Parijai. Shukla believes that 
his flower, which he named Sahnianthus 
Parijai, and Enigmocarpon belong to the 
same plant. 

Age of the Intertrappean Beds — The erup- 
tions which formed the Deccan Traps were 
subsequent to the deposition of the Bagh 
( Cenomanian) and Lameta beds. The 
upward limit of the traps is indicated by the 
interstratification of some of the flows with 
the Cardita beaumonti beds of Sind, which 
are of Danian or newer age. The traps of 
the west coast are unconformably overlain 
by outliers of Nummuitic beds. 

The evidence of the plant remains, ac- 
cording to Sahni, indicates an early Ter- 
tiary ( Lower Eocene ) age from the Deccan 
Intertrappean beds. This was also the 
opinion of the early geologists, Malcolmson, 
Hislop and others, and they compared the 
flora of these beds with the flora of London 
clay. Some fish remains found in the 
Lametas are, according to Smith-Woodward, 
of Danian to Lower Eocene age; and since 
the Lametas are infratrappean, the base of 
the traps should be Eocene. In the opinion 
of Dr. S. L. Hora some fish scales which 
occur in the intertrappean beds at Betul 
are not earlier than the Eocene. 


THE TERTIARY FLORAS 


The chief exposures of Tertiary strata in 
India are along the foot of the mountains 
on the western, northern and north-eastern 
borders of the country. Small outcrops of 
Tertiary rocks are also found near the west 
coast of Travancore, in Gujerat, Kathia- 
war and Kach, and near the east coast. All 
over the country the Tertiary system 
exhibits a dual facies: (i) a lower, marine | 
facies, and (ii) an upper, fresh-water facies. | 
The Eocene everywhere is marine and the 
Pliocene fluviatile or subaerial. 

The most common plant fossils are petri- 
fied woods, mostly dicotyledonous. There 
are also many leaf impressions and some | 
fruits and seeds. The leaves are generally 
poorly preserved. Marine algae occur in 
the Eocene at several places. 

The most striking fact about these Ter- 
tiary plant remains is the absence of coni- 
fers. Coniferous wood is met with in Ter- 
tiary rocks in South India, but none of the 
strata of this age in northern India, where 
at the present time the conifers flourish ex- 
tensively in the Himalayas, have yielded a 
single coniferous remain. Attention to this 
fact was drawn by Sahni in 1931 while 
discussing the advent of modern conifers 
in India. Sahni concluded that this event 
must be placed at a date at the end of the 
Pliocene or even later, when the elevation 
of the Himalayas had provided a climate 
suitable for their growth. 

Fosstl Woods — The occurrence of fossil 
angiospermous woods in the Irrawadi and 
the Pegu systems of Burma ( Oligocene to 
Pliocene ) has been known for a long time. 
The majority of them are dicotyledonous, 
but some palm stems also occur. One of 
the dicot woods was described by Miss 
Holden in 1916 as Dipterocarpoxylon bur- 
mense. Big trunks of silicified wood are 
known also from the Nari series ( Oligocene ) 
of Sind and the Siwalik system ( Middle 
Miocene to Lower Pliocene ) in the foothills 
of the Himalayas. 

With the exception of the specimens 
described by Miss Holden, the anatomy of 
none of these woods has been worked out. 
At present the best known fossil angio- 
spermous woods of India come from the 
Middle Tertiary rocks of Assam and from 
the Cuddalore sandstones of South India. 
The Assam woods have been investigated 
by Dr. K. A. Chowdhury and his co-workers 
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( 1938, 1946, 1949, 1952). They have been 
referred to the genera Cynometroxylon 
(Leguminosae), Kayeoxylon ( Guttiferae ), 
Glutoxylon ( Anacardiaceae ), and Dipteroc- 
arpoxylon ( Dipterocarpaceae ). Chowdhury 
believes that one of Miss Holden’s speci- 
mens of Dipterocarpoxylon from Burma, sub- 
sequently placed by K. M. Gupta in the new 
genus /rrawadioxylon, is really a Glutoxylon. 

The exact age of the Cuddalore sandstones 
is not known, but it is said to range from 
Oligocene to Lower Miocene. Ramanujam 
(1953) has described from here a palm 
( Palmoxylon arcotense ) resembling the genus 
Livistona and two coniferous woods re- 
ferred to the genus Mesembrioxylon. The 
only wood previously described from these 
sandstones was Mesembrioxylon Schmidia- 
num (SAHNI, 1931). The Cuddalore sand- 
stones contain many other dicotyledonous 
woods which are at present being investi- 
gated by Ramanujam. These woods re- 
semble genera such as Mangifera, Shorea, 
Albizzia, Cassia, Dalbergia, Garcinia and 
Sonneratia. 

Angiospermous Leaves, Fruits, etc. — Di- 
cotyledonous leaf impressions occur in the 
Ranikot series ( Eocene ) of Sind and in the 
Middle Eocene strata of Baluchistan, Salt 
Range, Bikaner, Jammu, Burma and Assam. 
They are also found in the Siwalik system 
(Miocene to Lower Pleistocene ) and in the 
Murree and Kasauli series of western Hima- 
layas which are of Lower Miocene age. Since 
Seward described Phyllites kamrupensis in 
1912 from the Middle Tertiary of Assam, 
hardly any descriptions of Tertiary leaf 
impressions from India have been published. 

From some localities near Garo Hills in 
Assam R. N. Lakhanpal (1948, 1952) has 
described a number of leaf impressions 
(probably Eocene) resembling Erioden- 
dron and Neolitsea, and a palm fruit, Nipa 
Sahnii. The age of the Nipa fossils is 
regarded as Miocene. From Kasauli beds 
the only leaf known till recently was that of 
a palm. This was discovered more than 85 


years ago by H. B. Medlicott and was referred 
by Feistmantel to Sabal major Heer. Some 
dicotyledonous leaves ( Dicotylophyllum spp.) 
have been described by Sahni (1953, in a 
posthumous paper) from these beds. At 
Kapurdi ( Jodhpur ) in Rajasthan a fuller’s 
earth bed of Eocene age has yielded monocot 
and dicot leaves, fruits and stems ( LAKHAN- 
PAL & Bose, 1951). From the same beds 
a coconut (Cocos Sahnir ) has been described 
by Kaul ( 1951). 

Spores and Pollen Grains — A rich micro- 
flora comprising spores and angiospermic 
pollen grains has been discovered from the 
Tertiary strata in Rajasthan ( Bose, 1952; 
SINGH & NATRAJAN, 1950; A. R. Rao & 
VimaL, 1952); Travancore (A. R. Rao & 
VIMAL, 19529 ); and Assam ( SAHNI, SITHO- 
LEY & Purı, 1948). The richness of the 
microflora, particularly from Assam where 
it occurs in strata ranging from the Lower 
Oligocene to the Pliocene, is in striking 
contrast with the paucity of the Tertiary 
species known in the form of leaves, fruits 
and fossil woods. 

Algae — Marine algae occur in the Eocene 
strata at several localities. In Assam there 
is a rich limestone algal flora belonging to 
the families Corallinaceae and Dasyclada- 
ceae (K. S. Rao, 1943). The genus Tri- 
ploporella ( Dasycladaceae ) occurs in the 
Ranikot beds of Sind ( WALTON, 1926). In 
the Eocene of the Salt Range (L. Rama 
Rao & K. S. Rao, 1939) there is an in- 
teresting algal flora in which common Eocene 
forms like Dissocladella, Acicularia and 
Neomaris occur with Diplopora and Oligo- 
porella elsewhere not found in beds younger 
than the Triassic. The other genera re- 
cently discovered in the Eocene beds of Salt 
Range are Lithophyllum (VARMA, 1953) 
and Solenomeris (S. R. N. Rao & VARMA, 
1953). Several genera of the Corallinaceae 
such as Lithophyllum, Archaeolithothamnium 
and Mesophyllum also occur in the Ranikot 
series in the Samana Range (S. R. N. Rao, 
1941). 
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APPENDIX 


LIST OF THE IMPORTANT MESOZOIC SPECIES FROM THE GONDWANA ROCKS OF INDIA AND RELATED 
FORMATIONS IN CEYLON AND SALT RANGE 
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Lycoxylon indicum Srivast. N. er > CT Re ee Fe ase Bie 280 
Lycopodites gracilis ( Morr.) RR Sa Spe x a oe COC opr Se 7 
Triletes Sahnii Sitholey one et . ON OT CE ono spe x 
Filicales 
Danaeopsis rajmahalensis Fst. x 
Marattiopsis macrocarpa ( Morr.) x 
Gleichenites gleichenoides ( Morr.) व AT आर x en 
G. rewahensis Fst. 5०72: Bee: SK ler 
Cladophlebis denticulata Bgt. Cre) RE M ce x x x x x 
C. reversa ( Fst.) eo | «coh x x 
C. zeylanica Sitholey ee ne a. erh x St 
Cladophlebis sp. le De a मी een Me nok adc x aoe 
Cladophlebis sp. fe tire SR NE RE NG Pecan) God wos x 
Coniopteris hymenophylloides Bgt. x x : 
Tinpaharia sinuosa Jacob Ane x 560 oc 
Sphenopteris rajmahalensis Sahni & Rao ::: x c 
5. khairbaniensis Ganju x 
S. Hislopi (O. & M.) BE cere x Peo cose | oe 
S. Wadiai Sitholey Sat Mess Baw. fact Sore does eae x Beis wee 
Sphenopteris spp. a se bad 33 a en SE a a > 
Pecopteris lobata ©. & M. DO À CU mens x ee ee a 602 toe Roe 
Phlebopteris indica Sahni & Sitholey MTC See hh duc Soo. sae S00 ee x 
P. hirsuta Sahni & Sitholey nae ane x 
Phlebopteris sp. x है 
Protocyathea rajmahalense Jacob x Es 
Protopteris nammalensis Sitholey ee nn: x 
Rhizomopteris chakshu Ganju ae hee a x ee BR. 
Eboracia lobifolia ( Phill.) We तह पक a 
Alethopteris Medlicottiana Oldh. BAR Be शक, x er 
Actinopteris sp. a Se Ea | tine BoD dos x 
Pachypteris sp. Susie Gal Cr SES NOR 2 : 
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APPENDIX — contd. 


LIST OF THE IMPORTANT MESOZOIC SPECIES FROM THE GONDWANA ROCKS OF INDIA AND RELATED 


FORMATIONS IN CEYLON AND SALT RANGE 


NAME OF SPECIES 


Pteridospermae 

Glossopteris angustifolia Bgt. 

G. indica Schimp. 

Vertebraria indica Royle 
Thinnfeldia odontopteroides ( Morr.) 
T. indica Fst. 

T. subtrigona Fst. 

Danaeopsis (Thinnfeldia) Hughesi Fst. 
Pecopteris concinna Presl, 
Cyclopteris pachyrhacis Goepp. 
Samaropsis sp. 

Indotheca sakesarensis Sitholey 


Caytoniales 
Sagenopteris Bhambhani Jacob 


Cycadophyla 

Ptilophyllum acutifolium Morr. 

P. amarjolensis Bose 

Ptilophyllum sp. 

Pterophyllum incisum Sahni & Rao 

Pterophyllum sp. 

Williamsonia microps Fst. 

W. indica Sew. 

W. Blanfordi Fst. 

W. Sahnii Gupta 

W. Sewardiana Sahni 

W. santalensis Sitholey & Bose 

Homoxylon rajmahalense Sahni 

Bucklandia indica Sew. 

B. Sahnii Bose 

Otozamites bunburyanus var. indica 
Sew. & Sahni 

O. bengalensis ( Morr.) 

O. pecten Sahni & Sitholey 

Otozamites sp. 

Dictyozamites indica ( Fst.) 

D. falcatus ( Morr.) 

D. Hallei Sahni & Rao 

D. bagjtoriensis Jacob 

Taenioperis lata Oldh. 

Morrisii Oldh. 

ovata ( Schimp.) 

crassinervis ( Fst.) 

. musaefolia Oldh. 

. vittata Bet. 

. spathulata McCl. 

. McClellandi ( Morr.) 

Taeniopteris sp. cf. McClellandi 

Nilssonia princeps (O. & M.) 

N. rajmahalensis ( Oldh.) 

N. Morrisiana ( Oldh.) 

N. Medlicottiana (O. & M.) 
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LIST OF THE IMPORTANT MESOZOIC SPECIES FROM THE GONDWANA ROCKS OF INDIA AND RELATED 
FORMATIONS IN CEYLON AND SALT RANGE 
NAME OF SPECIES INDIA CEYLON SALT 
( Jurassıc ) RANGE 
(Ga ee Se eS) PR, ra (| 
कब (se) = a 
N 3 Ss 5 धर E 9 a So 5 
G 5 ge Sg ni 3 © S 2 Bot | 
®) a ७ = a 3 Ay Qe pias 2 3 8 | 
= re = rn = Les = न 6 T S ued 
a Gs Le a ° 3 = CS q a =e || 
Ay Ay a 24 4 — P EH < H Lo) | 
Cycadophyta 
N. bindrabenensis Sew. & Sahni 56e 500 se x : 5 08 
N. (Anomozamites) fissa ( Fst.) Te आल है ee x sso le atten eet x 
Pseudoctenis Footeana ( Fst.) se Has! boc ake x 
Ontheanthus polyandra Ganju ne Bo 160 x 
Ontheostrobus sessilis Ganju ia ana x 
Beaniopsis rajmahalensis Ganju Sup) ond. poe x 
Cycadinocarpus rajmahalensis Fst. ES non x 
Ginkgoales 
Ginkgoites crassipes ( Fst.) Soo.” Bo oe ne x see 
G. lobata Fst. a ae ete eee ae x 
Ginkgoites spp. FO edo ee x sae | ie 
Baiera ? sp. RUES pee x 
Cordaitales 
Cordaites ( Noeggerathiopsis ) Hislopi _... x 
( Bumb.) 
Coniferales 
Desmiophyllum indicum Sahni RL cane ER RE 
Desmiophyllum sp. sn ee oa Por Fe neo Bor x =e 
Elatocladus plana ( Fst.) Hore pe adioe™ Gee x x x x x 
E. jabalpurensis ( Fst.) 500 Jake x x x 
E. conferta (©. & M) Bon are dos x x x ००० 
E. tenerrima ( Fst.) Bal oceans ps x x x x Fc 
Elatocladus sp. RE 0 acc 406 was ‘isis 468 x 
Retinosporites indica (©. & M.) x x x x 
Brachyphyllum spiroxylum Bose x ane att 
mamillare Bgt x nae x ne X 
B. expansum (Sternb.) x x x x 
B. expansum var. indica Sahni 27 EEE N x 
13, rhombicum ( Fst.) oie a SO | eae x x 
B. Feistmantelli ( Halle ) ५४८ ee ne x x 
Pagiophyllum perigrinum (L. & H.) N had x 
P. cf. perigrinum a ne x Soe x Got 
P. cf. divaricatum ( Bunb.) aes sa ae ie moe Bon x 
Torreyites constricta ( Fst.) Hote ete ea ee x 
T. Sitholeyi Ganju JR ee 2 
Athrotaxites Feistmanteli Sahni DO gece x ae 
Taxites lanceolata Ganju SoG ede GbE x Be 
Araucarites cutchensis Fst. as ase x sc x x x x 
A. macropterus Fst. oat as ane x x x x 
A. latifolius Fst. 2 x 
Coniferocaulon sp. x 
Ontheodendron Florinii Sahni & Rao x Kr 
Conites sessilis Sahni x x 
C. sripermaturensis Sahni sais BAe ae ae x 
C. rajmahalensis Sahni Boo dG) oe x 
C. verticillatus Sahni x 
Conites sp. रह की ee ut x 
Conites sp. Ro aus a6 x 
Conites sp. cos) aac ee Le Se 950 x 
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APPENDIX — contd. 


LIST OF THE IMPORTANT MESOZOIC SPECIES FROM THE GONDWANA ROCKS OF INDIA AND RELATED 


FORMATIONS IN CEYLON AND SALT RANGE 


NAME OF SPECIES 


Panchet 
arsor 
Maleri 


Coniferales 

Strobilites Sewardi Sahni 
Stachyotaxus sp. 

Nipanioruha granthia Rao 
Masculostrobus rajmahalensis Rao 
Nipaniostrobus Sahnii Rao 
Podosporites tripakshi Rao 
Alisporites jurassicus Rao 

A. auriculiformis Rao 
Mesembrioxylon godaverianum Sahni 
M. indicum Bhardwaj 

M. Parthasarathai Sahni 


M. malerianum Sahni ae BS x 


Cupressinoxylon ( Taxodioxylon ) raj- 
mahalense Bhardwaj 

C. alternans Sahni 

C. coromandelinum Sahni 

Dadoxylon (Araucarioxylon) raj- 
mahalense Sahni 

D. (Arauc.) jurassicum Bhardwaj 

Taxoxylon rajmahalense Bhardwaj 


Pentoxyleae 

Nipaniophyllum Raoi Sahni 

Pentoxylon Sahnii Srivast. 

Carnoconites laxum Srivast. 

C. compactum Srivast. 

Haitingeria rajmahalensis ( Wiel.) 
Kras. 

Nipanioxylon Guptai Srivast. 

Sahnia nipaniensis Vishnu-Mittre 


Angiospermae 
Palmoxylon Mathurai Sahni 


Incertae 

Strobilites ontheansis Ganju 

Sakristrobus Sahnii Jacob 

Rajmahalia paradoxa Sahni & Rao 
Podozamites lanceolatus 

Phoenicopsis ? sp. मु 
Squamae 206 x 
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STUDIES IN THE GLOSSOPTERIS FLORA OF INDIA: | 
1. SOME NEW FOSSIL PLANTS FROM THE LOWER GONDWANAS | 
OF THE RANIGANJ COALFIELD, INDIA 


eN: 


ABSTRACT 

The plants described here are: (1) one species 
of Sphenopteris, viz. Sphenopteris lobifolia Morris, 
which is being recorded for the first time from the 
Lower Gondwana rocks of India; (2) a fertile frond 
of Pecopteris probably belonging to the genus 
? Ptychocarpus; (3) an interesting specimen most 
probably referable to the genus ? Clenis; (4) a new 
species of the problematical genus Actinopteris, viz. 
Actinopteris indica; and (5) a fructification, a cone 
most probably belonging to Schizoneura gondwa- 
nensis. 


INTRODUCTION 


Lower Gondwana rocks is the oldest 

well-preserved flora of India. Earlier 
it had attracted the attention of palaeo- 
botanists because of its association with the 
coal, but in later years it did not receive 
the attention it deserved. Since the com- 
pletion of the memoirs by Feistmantel in 
the years 1879-86, not much work has been 
done on this flora in India. After Feist- 
mantel, only Zeiller (1902), Seward and 
Sahni (1920) and Sahni (1928) have 
revised some of the Lower Gondwana plants, 
described earlier by Feistmantel. 

This paper deals with the description of 
some new fossil plants, collected by the 
author from the Raniganj coalfield, Bengal, 
India. 


Ge. flora found in the 


MATERIAL AND METHODS 


All the fossils mentioned above come from 
the Raniganj stage of the Lower Gondwanas 
( Upper Permian ?). They are in the form 
of compressions on black carbonaceous 
shales having sometimes well-preserved car- 
bonized crust. 

In addition to studying these compres- 
sions externally, I have studied, wherever 
possible, their epidermal structures also. 
The well-known maceration method of cuti- 
cular study did not prove very successful 
in these plants. As an alternative, Canada 
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balsam and cellulose peel transfers were pre- | 
pared to study their epidermal structures. | 
Cellulose peel transfers yielded better results, | 
because wherever necessary they could be! 
treated with dilute nitric acid for oxidizing 
the carbonized crust further. 


DESCRIPTION 
? Filicales 
1. Sphenopteris lobifolia Morris 


The genus Sphenopteris was instituted by 
Brongniart (1822) and since then a large | 
number of species have been described under 
this genus. It is reported from the Palaeo- 
zoic and Mesozoic rocks of both the northern 
and southern hemispheres. Sphenopteris is 
the largest form genus, including compound 
fronds of fern-like plants, deeply cut or lobed 
in habit. It includes many fronds of un- 
known systematic position. Some of the 
Sphenopterids bore fern-like fructifications 
and others produced seeds like those of | 
Pteridosperms. Fertile specimens have been 
separated from the form genus Sphenop- 
teris and they are described under different 
generic names and Sphenopteris is now re- 
tained mainly for the sterile foliage. From 
the Lower Gondwana rocks of India only | 
two species of Sphenopteris are known so | 
far. Sphenopteris lobifolia is the third I am 
recording from here. । 

Sphenopteris lobifolia was first described | 
by Morris (1845) from New South Wales. | 
Feistmantel (1878) has also recorded this | 
species from the Permo-Carboniferous rocks | 
of New South Wales and Queensland. From | 
Tasmania it is reported from the Upper Coal | 
Measures of the Mesozoic age. Arber ( 1905) | 
included in this species the fronds designated 
as Sphenopteris hastata, Sphenopteris flexuosa, | 
Sphenopteris germana and Sphenoßteris | 
plumosa McCoy. Sphenopteris lobifolia has | 
so far not been reported from the Lower 
Gondwana rocks of India. My specimen, 
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which comes from the Raniganj stage of the 
Lower Gondwanas, is identical with this 
species. 


LEAF — SPECIMEN No. 9385 


Carbonized impression of the apical portion 
of a frond ( PL. 1, Fic. 1) consisting of a 
bipinnate, slightly winged rachis. There 
are about six pinnae on each side, the basal 
ones are larger, gradually becoming smaller 
in length towards the apex, giving a tri- 
angular look to the frond. The pinnae are 
alternate and lanceolate in shape. The 
axis of each pinna is grooved. The pinnules 
are more or less oval with slightly lobed 
margins (Pr. 1, Fic. 2). They are slightly 
contracted towards the base and are not 
very close to each other. Each pinnule 
has a median nerve which is slender and 
sinuate ( TEXT-FIG. 1). The median nerve 
gives out branches right and left which 
bifurcate and run up to the margin of the 
pinnule. 

Epidermal Characters as Revealed: by the 
Transfer Preparation — The epidermal cells 
( PL. 1, Fic. 3) are polygonal or sometimes 
rectangular in outline. They are not much 
longer than broad. The walls of these cells 
are straight and somewhat thick. 

Comparison — My specimen shows a strik- 
ing resemblance in size, shape and form of 
the frond to Sphenopteris lobifolia Morris 
described by Arber (1905, pp. 136, 137, 
ri. 4, Fics. 2, 3). In age also there is 
no difference, since Raniganj stage of the 
Damuda division is equivalent to the New 
Castle series of Australia. 


2. A Fertile Frond of Pecopteris— 
? Ptychocarpus sp. 


1881 — Alethopteris Lindleyana Feistmantel 
1905 — Cladophlebis Roylei Arber 


From the Raniganj coalfield, I have 
collected two specimens of the fertile pinnae 
of a fern. Fertile specimens of the ferns are 
of very rare occurrence in the Lower Gond- 
wana rocks of India. So far fragmentary 
specimens of only two fertile ferns have 
been reported by Feistmantel from here. 
He described one of his fertile impressions 
as Alethopteris Lindleyana, which Arber 
(1905) included in Cladophlebis Roylei. 

My specimens compare with Feistmantel’s 
specimens of Alethopteris Lindleyana, later 
changed to Cladophlebis Roylei by Arber. 
Cladophlebis, however, is a typically Meso- 


zoic genus, retained for describing the sterile 
fronds of the ferns, intermediate in habit 
between Pecopteris and Neuropteris ( SEWARD, 
1910, p. 579). These specimens, therefore, 
cannot be referred to the genus Cladophle- 
bis, because they are Palaeozoic ferns and 
also they are fertile specimens. 

The attachment of the pinnules by their 
entire bases in these specimens is a character 
typical of the Pecopterid type of ferns. 
Pecopteris is a form genus which includes 
the Upper Carboniferous and Permian fern- 
like fronds. The genus Pecopteris has al- 
ready been recorded from the Lower Gond- 
wana rocks of India by Arber ( 1905 ), who 
transferred to this genus the fronds des- 
cribed as Alethopteris phegopteroides by 
Feistmantel. 

Fertile ferns of the Pecopterid type have 
been described under different genera, viz. 
Asterotheca, Ptychocarpus and Scolecopteris 
( Bower, 1926, p. 115) on the character of 
their fructification. These genera essen- 
tially belong to the northern flora, but 
Walton (1929, p. 69) has described two 
fertile fronds of Asterotheca from Karroo 
system in southern Rhodesia. 

In the arrangement and the nature of 
the sori my specimen resembles most with 
Ptychorcarpus. 


LEAF — SPECIMEN No. 8669 


Carbonized impression of the pinna of a 
fertile fern (Pr. 1, Fic. 4) slightly broken 
at the two ends, measuring nearly 9-5 cm. 
in length. Closely set pinnules are alternate 
in arrangement. They are attached by their 
whole bases to the rachis. The pinnules 
are oblong in shape, measuring nearly 1-2 
cm. in length and 5 mm. in breadth. Their 
margin is crenulate. From the rachis a 
median nerve enters into each pinnule 
(Pix 1, Fic es); extending up to the) tip. 
Secondary nerves come out from the median 
nerve and dichotomize once, immediately 
after which one branch of the veinlet ends 
below the sorus. 

Description of the Sori — The sori are 
arranged in double linear rows, one on 
each side of the median nerve of the pin- 
nule (Pr. 1, Fic. 6). There are usually 
6-8 sori in a row. They occupy a position 
midway between the median nerve and the 
margin of the pinnule. Each sorus is placed 
on a branch of the dichotomizing lateral 
nerve which ends below it (Pr. 1, Fic. 5) 
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TEXT-Figs, 1-4 —{, Sphenopteris lobifolia, a line drawing of the 
Fig. 2, to show the venation in the pinnules. x Ca. 310» ०८८ ? Ptychocarpu 
showing seven loculi. x 50. 5, i 


to show the anastomosing and cross-connections between 


indica sp. nov., a line drawing ( partial restoration ) from the photograph represented in Pl. 3, Pis 268 
x Nat. size. 


A sorus appears like a circular disc to the specimen under a low power microscope 
naked eye. However, a careful examination showed some sori having 6-7 loculi ( TEXT- 
of a plasticene cast prepared from the rıc. 2 व macerating the carbonized 
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discs of the sori, clusters of spores ( Pr. 2, 
Fic. 10) were obtained, which were released 
from a brownish mass showing no cellular 
structure. Several efforts were made to get 
an isolated sporangium, but they failed. 
No cellular structure could be seen anywhere 
in the macerated brownish mass or in a 
transfer preparation. Probably, each sorus 
in this case is a synangium, composed of 
6-7 sporangia united upon a common recep- 
tacle. Sporangial wall appears to have been 
destroyed by maceration. No structure 
which could be compared with the annulus 
of a sporangium was seen. The sporangia 
in this case may be exannulate. Spores 
are very large in number. 

Spores — The spores ( PL. 1, Fic. 7) are 
roughly spherical in shape, measuring nearly 
60 u. Trilete mark is conspicuous. In- 
dividual rays of the triradiate suture are 
more than two-thirds of the radius of the 
spore. Spore coat shows several folds. It 
is finely granulose in texture. 

Epidermal Characters of the Leaf as Re- 
vealed by Transfer Preparation — The epider- 
mal cells of the two surfaces ( PL. 1, Fic. 8) 
are different in their shape and the thick- 
ness of the walls. On the upper surface the 
cells are rectangular in shape, placed end to 
end. These cells are usually longer than 
broad, measuring nearly 100 u in length 
and 37 u in breadth. The walls of these 
cells are straight and thick, measuring 
nearly 11 u. 

The epidermal cells of the lower surface 
mer, 1, Fıc. 8) seen in the centre of the 
figure are small, polygonal or irregular in 
shape, measuring nearly 44 u. The walls 
of these cells are also straight but thinner 
than those on the upper surface. 

Discussion — Unfortunately, the details 
about the sporangium in my specimens 
could not be studied. But in other respects, 
such as the structure and the arrangement 
of the sori and the probable exannulate 
nature of the sporangia, my specimen com- 
pares with Pecopteroid fertile ferns, Astero- 
theca and Ptychocarpus. 

In Asterotheca and Ptychocarpus, as well 
as in my specimen, the sori are found ar- 
ranged in linear rows on the two sides of the 
median vein, occupying a position inter- 
mediate between the margin and the mid- 
vein. Each sorus or synangium consists of 
3-8 (in my specimen I have counted 7) 
sporangia attached to a central receptacle. 
In Asterotheca, however, the number of 


sporangia is usually less, 4-5 (ARNOLD, 
1947, p. 191) and the sporangia stand up- 
right in the immature condition, but at 
maturity they usually appear to bend out- 
wards and lie horizontally on the surface of 
the pinnule forming a star-shaped body 
(Kipston, 1924, p. 482). On the other 
hand, in Ptychocarpus the sorus or a synan- 
gium is rounded, consisting of usually 7 spor- 
angia, united upon a common receptacle. 
This appears to be the case in my specimen 
also. No where on the two pinnae examined, 
the sori in my specimen were seen looking 
like a star-shaped body as in Asterotheca. 
It, therefore, appears that my specimen 
compares more with Ptychocarpus than with 
Asterotheca. 

My specimen differs from all the other 
species of Ptychocarpus in the size of the 
pinnules, their crenulate margin and di- 
chotomizing secondary veins. 

Feistmantel (1881) thought that this 
frond belonged to Polypodiaceae. Arber 
(1905) doubted its Polypodiaceous nature 
as the structure of the fructification was not 
known. In Polypodiaceae the sporangia 
form naked or indusiate sori and possess 
vertical, incomplete annulus ( SEWARD, 1910, 
9. 296). The fructification described above 
is, however, quite different. The Palaeo- 
zoic fertile ferns referred to Asterotheca and 
Ptychocarpus are supposed to be Marattia- 
ceous in affinity. 


Cycadales 


Genus Ctenis 


3. ? Ctenis sp. 


In my fossil collection from the Raniganj 
coalfield, there is an incomplete leaf im- 
pression ( PL. 2, Fic. 11) of a pinnate type 
of frond. The impression shows veins com- 
ing out of a strong rachis at acute angles. 
They bifurcate near the rachis and then 
join either by forking or cross-bars. A leaf 
showing this type of venation had never been 
described before from the Lower Gondwana 
rocks of India. The only fossil leaf which 
shows some resemblance to my impression 
is that of a pinnate frond, described from the 
Barakar group by Feistmantel ( 1881) as 
Pterophyllum ( Anomozamites) Balli. This 
he later (1886) changed to Platypterygium 
Balli.  Zeiller (1902) described similar 
fronds from the Rhaetic beds of Tonquin as 
Pterophyllum ( Anomozamites ) Balli. Later 
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Seward (1917) included all these fronds in 
the genus Pseudoctents. 

My specimen, however, differs from Pseud- 
octenis Balli in having probably broader 
pinnae, more distant nerves 1-2 mm. apart 
and regular anastomosing formed either by 
forking or cross-connections. Genus Ctenis 
differs from Pseudoctenis in having regular 
anastomoses (SEWARD, 1917, p. 584). In 
my specimen the anastomosing of the veins 
by forking or cross-bars is a regular feature 
and, therefore, most probably it belongs to 
the genus Ctenis. Ctenis and Pseudoctenis 
are, however, essentially Mesozoic genera, 
but since Seward (1917) has recorded 
Pseudoctenis from the Lower Gondwanas of 
India, I have ventured to refer my specimen 
to the genus ?Ctenis. As my specimen 
is rather incomplete, I am putting a querry 
mark before the genus. 


LEAF — SPECIMEN No. 9043 


Incomplete impression of a pinnate frond 
with badly preserved carbonized crust (Pr. 2, 
Fic. 11). The impression shows a strong 
woody rachis, measuring nearly 2:5 mm. 
in width. From the rachis veins are seen 
coming out at acute angles. The veins are 
1-2 mm. apart, and they bifurcate at the 
base and then join either by forking or cross- 
bars ( PL. 2, Fic. 12; TEXT-FIG. 3). A little 
above, the rachis appears to be broken, 
turning sharply towards the right. Here a 
part of another pinna (Pr. 2, Fic. 11) is 
seen attached, showing similar venation. 

Epidermal Characters as Revealed by a 
Transfer Preparation — The specimen due 
to bad preservation of the carbonized crust 
did not yield good cuticles. A peel transfer 
prepared from the specimen revealed the 
following information. 

The: cells onthe) uppernsurfäace (PEN? 
Fic. 13) are elongately polygonal or rhom- 
boidal in shape. They are much longer than 
broad, having thick, slightly curved or 
straight walls. Sometimes the cell walls 
show irregular thickening. Stomata are 
not seen on the upper surface. The cells 
of the lower surface ( PL. 2, Fic. 14) are of 
irregular shape. The walls of these cells 
are highly sinuous, but less thick than those 
of the upper epidermis. 

Stomata are seen on this surface. The 
cells near the stomata possess slightly less 
sinuous and thicker walls (Pr. 2, Fic. 15). 
In the transfer preparation, the stomata have 


not been found in sufficient number to show))/) 
their distribution and orientation. A stomaıll 
(Pr. 2, Fic. 16) measures nearly 62-5 p.|] 
It is difficult to make out the structure of||] 
the guard cells. About 6-7 subsidiary cells 
are seen surrounding the stomatal opening 
which is oval to linear in shape. | 
Tracheids of the Rachis — The woody} 
portion of the rachis in the transfer pre-| 
paration showed well-preserved pits on the 
radial walls of the tracheids. The pits show) 
considerable variation in their arrangement.| 
They are 1-4 seriate, the uniseriate and| 
tetraseriate conditions being rare. The uni-! 
seriate pits may be either separate or con- 
tiguous (Pr. 3, Fics. 18, 20), while both 
the biseriate and triseriate pits are generally’ 
distinctly opposite to each other and in some! 
cases possess even a common wall (Pr. 3, 
Fics. 17, 19). These biseriate pits may be 
separate or contiguous radially ( Pr. 3,॥॥ 
Fic. 18), but the triseriate pits are always 
separate. Very often both the biseriate 
and triseriate pits are alternate and conti-||} 
guous (PL. 3, Fics. 17, 19). The tetra-| 
seriate radial pits are both opposite and alter- | 
nate and more or less contiguous (Pr. 3,||\ 
Fic. 21). The slit of the bordered pits is 
generally round to elliptical and the border |} 
is round to oval. The elliptical slit is gene- 
| 


| 
| 


rally directed horizontally. The vertical 
diameter of the slit is 8 u. The diameter 
of the tracheids is 24-40 u. Only at 
one place the field is seen preserved 
( Pr. 3, Fic. 17), but the pits are not clearly 
seen. 

Comparison — Several species of the genus 
Ctenis and their cuticles have been described | 
from the Mesozoic beds. My specimen, ||| 
unfortunately, is very fragmentary and so 
it is not possible to compare it with the other 
known species of Ctenis. The information 
about the epidermal structure obtained from 
the transfer preparation of my specimen is 
also far from complete. However, the 
epidermal cells on the upper surface off} 
my leaf and the shape of the stoma show 
some resemblance with those of Ctenis! 
sp. described by Harris (cf. PL. 2, Fıcs.|l| 
13, 16 & Harris, 1932, Pr. 2, p. 16, Fic. |i} 
BAC): | 


|| 
| 
If 


Plantae incertae sedis 


4. Actinopteris indica sp. nov. 


The genus Actinopteris was instituted by 
Schenk (1867) for the reception of certain 
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Mesozoic fern-like plants. Feistmantel 
(1876) referred a plant from Raniganj 
coalfield to this genus and named it 
Actinopteris bengalensis. Zeiller (1902) re- 
examined this plant and believed that it 
belonged to the Equisetales and he, therefore, 
modified Feistmantel’s description. Arber 
( 1905 ) agreed with Zeiller and thought that 
it may be anew genus of Equisetales group. 
He put the generic name in square brackets 
(ARBER, 1905, p. 15) indicating that the 
name was incorrect. 

Actinopteris bengalensis was reported only 
from the Raniganj coalfield in India. Re- 
cently, Elias Dolianti (1953) has also re- 
corded the occurrence of this species from 
the Upper Carboniferous rocks of Tubaroo 
series, Brazil. 

I have collected two specimens of Acti- 
nopteris from Raniganj coalfield. One of 
these ( PL. 1, Fic. 9) is identical with Acti- 
nopteris bengalensis Feistmantel, but the 
other differed in several characters from 
Feistmantel’s specimen. I am, therefore, 
describing the other specimen under a new 
specific name, Actinopteris indica. 

Diagnosis — Leaves whorled, united at 
the base for about three-fourths of their 
length. Whorls disc-like, spreading hori- 
zontally, circular, about 6 cm. in diameter. 
Free segments, measuring 3 mm. in width, 
all equal in size, uninerved. A complete 
specimen probably possesses forty to fifty 
free segments. 

The chief distinguishing characters of this 
species are (1) lesser number — forty to 
fifty — and equal length of the free segments 
arranged in a circular disc-like whorl; 
(2) breadth of the free segments; and (3) 
attachment of the adjacent leaves for nearly 
three-fourths of their length. 


LEAF — SPECIMEN No. 8663 


Incomplete impression of a whorl of leaves 
(PL. 3, Fic. 26) having poorly preserved 
carbonized crust. More than half of the 
whorl, measuring about 6 cm. in diameter, 
is preserved in the specimen. It consists 
of nearly 25 free segments, all equal in size. 
In the complete specimen the segments 
must be forty to fifty in number ( TEXT- 
FIG. 4). The leaves are 3 cm. in length 
and 3 mm. in breadth. They are joined 
together for about three-fourths of their 
length. The tips of the free segments are 
straight and broadly pointed. Each leaf 


has a median nerve which becomes very 
faint near the apex. 

Comparison and Discussion — So far only 
one species, Actinopteris bengalensis, was 
known from the Glossopteris flora. My 
specimen differs from Feistmantel’s species 
in the following points: 


TABLE 1— MAIN DIFFERENCE IN THE TWO 
SPECIES OF ACTIONPTERIS 


Actinopleris bengalensis Frist. Actinopteris indica SP. NOV. 


1. Whorl disc-like, elliptical 1. Whorl disc-like, circular 


2. Free segments 80 or more in 2. 


Free segments not more than 
a whorl 


40-50 in a whorl 


3. Leaves joined for about 3. 


| Leaves joined for about 
two-thirds of their length 


three-fourths of their length 


Free segments all equal in 
length 


4. Free segments unequal in 4. 
length 


5. Free segments 1:5-2 mm. in 5. Free segments 3 mm. or 
width sometimes more in width 
Feistmantel believed that Actinopteris 


bengalensis is a fern and showed its resem- 
blance with the Mesozoic fern Actinoßteris 
peltata Schenk. Zeiller ( 1902 ) re-examined 
this specimen and believed it to belong to 
Equisetales group. He compared it with 
the foliage of some equisetalean plants, viz. 
Schizoneura wardi, Annularia and Astero- 
phyllites, and thought, if more information 
were available, this plant would have re- 
presented a new genus in the Equisetales 
group. Arber (1905) also corroborated 
Zeiller’s view. 

Actinopteris indica also shows some re- 
semblance with the foliage of some equi- 
setalean plants. Among the southern genera 
of Equisetales, it shows some resemblance 
with the foliage of Schizoneura wardi Zeiller. 
In Schizoneura wardi ( for figures see ZEILLER, 
1902, Pr. VI, Fıcs. 5-8), the leaves are 
numerous, free or sometimes partly connate 
at the base, uniformly striated lengthwise 
by fine and close lines which in the median 
region become better defined and constitute 
a more or less distinct median nerve. How- 
ever, Actinopteris indica differs from leaves 
of Schizoneura wardi in having no longitu- 
dinal striations on their surface and the 
leaves in a whorl are united for a greater 
part of their length. 

The other equisetalean genus common 
in the southern hemisphere is Phyllotheca. 
A whorl of leaves of Actinopteris indica shows 
scme resemblance with the large leaf- 
sheaths of Phyllotheca Etheridgei (for figures, 


| 
76 THE PALAEOBOTANIST | 


see ARBER, 1905, p. 27, Fic. 9) which are 
like open peltate discs having 20-23 free 
segments in the form of very short teeth, 
3 mm. in length. My specimen, however, 
differs from it in the larger size of the disc- 
like whorl and more number of free segments 
in a whorl. Moreover, the free segments in 
Actinopteris indica are not pointed and do 
not look like teeth. 

Among the equisetalean genera of the 
northern hemisphere, my frond shows some 
superficial resemblance with the foliage of 
Annularia and Asterophyllites. In Astero- 
phyllites equisetoides (SEWARD, 1898, p. 
334) we find flat, linear leaves, free to the 
base traversed by a simple median nerve. 
The leaves of Actinopteris indica differ from 
them in their much larger size and in their 
attachment for a greater part of their 
length. 

In Annularia stellata (SEWARD 1898, p. 
339, Fic. 88), each whorl contains 16-32 
segments, which are connected basally into 
a collar or narrow sheath and the lateral 
segments are usually longer than the upper 
and the lower. However, Actinoßteris indica 
differs in having larger number of free seg- 
ments in a whorl and no differentiation 
of size between the lateral and the upper or 
lower segments. 

Thus, from the above comparison, it 
appears that Actinopteris indica does not 
resemble with any of the known equisetalean 
foliage. 

I tried to study the cuticles of this plant 
in the hope that their epidermal structure 
may throw some light on their affinity. My 
specimens, especially that of Actinopteris 
bengalensis, possessed a well-preserved car- 
bonized crust, promising to yield good cuti- 
cles. But, in spite of my best efforts, I 
could not succeed in getting any piece of 
cuticle. Is it possible that these plants do 
not possess a resistant cuticle? If it is so, 
then it is possible that Feistmantel was not 
altogether wrong in placing this plant in the 
ferns. But the leaf is surprisingly equiseta- 
lean in type. However, the whole question, 
as regards its affinity, will have to wait till 
we get more and better material. 


5. A Cone Probably Belonging to 
Schizoneura gondwanensis 


In my collection from the Raniganj coal- 
field I have a specimen of an isolated cone 
attached to an incomplete stalk. The occur- 


rence of this cone has been recorded by me | 
previously (SRIVASTAVA, 1952). | 


SPECIMEN No. 8471 | 


Impression of an isolated compact stro- | 
bilus ( Pr. 3, Fic. 22 ) with carbonized matter | 


clusive of the stalk and 15 mm. in its widest) 
part. The preserved portion of the stalk 
measures nearly 5 mm. in length. On the 
surface of the strobilus (Pr. 3, Fic. 23 )| 
are seen polygonal or hexagonal discs, about | 
2 mm. across and closely fitting with one. 
another. In the centre of each disc ( PL. 3, 
Fic. 24) is seen a circular mark, measuring | 
about 1 mm. in diameter. The strobilus at its | 
broadest part bears 5-6 polygonal discs and 
twelve such discs can be counted lengthwise. 

Unfortunately, the information about the 
sporangia and spores could not be obtained 
from this strobilus in spite of several efforts. 
The carbonized film from the surface of the 
cone has yielded a few small pieces of cuti- 
cles (Pr. 3, Fic. 25) showing epidermal 
cells of a rectangular shape, arranged end 
to end. The cross walls of the cells are 
oblique. The cell walls are thin and straight. 
No spores were found. 

Comparison — The strobilus shows a re- 
semblance with the fructifications of the 
family Equisetaceae. Most probably the 
hexagonal or polygonal discs represent the 
peltate heads of the stalked sporangiophores 
on the axis. The circular elevated mark in 
the centre of each disc would then be the 
point of attachment of the sporangiophore 
with the peltate head. 

This type of cone, as far as I am aware, | 
is not known in the other common equi- 
setalean genus Phyllotheca. In Phyllotheca 
Ralli, for example, the fructification 2 
of alternate verticils of sterile bracts and 
sporangiophores and in Phyllotheca deh-' 
quescens there are several verticils of spor- 
angiophores between two successive whorls 
of sterile bracts ( ARBER, 1902, p. 16). In 
my specimen there is no indication of the | 
presence of sterile bracts; on the other hand, 
the strobilus is compact. 

My specimen, however, shows a great re- | 
semblance with the cone of Schizoneura 
australis described by Etheridge ( Jun.) 
(1903 917) 5h); 


— 


The species Schizoneura ||} 


I 


| 
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australis Etheridge was later merged with 
Schizoneura gondwanensis Feistmantel by 
Arber ( 1905 ). 

Etheridge’s specimen of Schizoneura gond- 
wanensis consisted of the terminal portion 
of a leaf-bearing branch and a stalk bearing 
two strobili. The bigger strobilus of the 
pair measures 30 mm. in length and 8 mm. 
in breadth and the smaller one measures 20 
mm. in length and 7 mm. in breadth. The 
bigger strobilus is pod-like in shape, slightly 
curved towards the side facing the other 
strobilus. The other strobilus does not show 
any curved face. Etheridge mentions that 
the cones seem to be attached to the stalk 
by very short stalks. However, this is not 
at all clear from his photograph. On the 
other hand, it appears that the so-called two 
strobili are fused in the lower portion just 
above a single stalk, and it is very likely 
that what appear as two strobili are just 
split portions of a single strobilus. If the 


two strobili are joined, then it resembles 
my specimen in shape, structure and even 
in size. 

If Etheridge’s contention that this stro- 
bilus belongs to Schizoneura gondwanensis is 
correct, then I agree with him that this type 
of cone shows a great resemblance with the 
modern cones of Equisetum proper. And 
if Etheridge’s specimen is really a single 
strobilus on a single stalk (split into two 
perhaps during fossilization ), then even the 
strobilus appears to have been borne singly 
as in Equisetum. It, therefore, follows that 
the Schizoneura type of cones are much closer 
to Equisetum group than the Phyllotheca 


type. 
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EXPLANATION OF PLATES 


PLATE 1 


1. A pinna of Sphenopteris lobifolia. x Nat. size. 

2. A few pinnules from the pinna in Fig. 1, 
enlarged to show lobed margin and venation. 
TER 

3. Transfer preparation of a portion of the pinna 
in Fig. 1, showing epidermal cells. x 200 

4. A fertile pinna of ?Ptychocarpus sp. x Nat. size. 

5. A few pinnules enlarged from the fertile pinna 
of ?Ptychocarpus sp. numbered 9324, showing vena- 
tion. 3. 

6. A few pinnules enlarged from the fertile pinna 
in Fig. 4, showing arrangement of sori. x 3. 

7. A single spore from the brown mass shown 
in Pl. 2, Fig. 10, enlarged. x 792. 

8. Transfer preparation of a pinnule from the 
specimen No. 9324, of ?Ptychocarpus sp. showing 
epidermal cells. Uc, upper cuticle; Lc, lower cuticle. 
x tS: 

9. A broken part of a whorl of leaves of Actinop- 
teris bengalensis. x Nat. size. 

PLATE 2 

10. Brown mass showing cluster of spores after 
maceration of a sorus. x 90. 

11. Leaf of ?Ctenis sp. x Nat. size. 

12, 456७1 9517 Kies lisenlarsed 222: 

13. Epidermal cells of the upper surface as 
revealed by a transfer preparation of the leaf in 
Fig. 11. x 230. 

14. Epidermal cells of the lower surface as reveal- 
ed by a transfer preparation of the leaf in Fig. 11. 
x 230. 


15. Epidermal cells near the stomata in dl 
transfer preparation of the leaf in Fig. 141. s} 


stomata. x 230. | 
16. A stoma enlarged from the lower surface as 


shown in Fig. 15. x 640. | 


PLATE 3 


Fics. 17-21, Transfer preparation of the woody! 
rachis of the leaf shown in Fig. 141, showing the: 
pitting on the radial walls of the tracheids and the: 
field. 


17. Photo showing the field. x 360. 

18. Radial strip showing tracheids having uni- 
seriate and biseriate type of pitting. x 210. | 

19. Radial strip showing tracheids with biseriate ! 
and triseriate pitting. x 210. 

20. Radial strip showing tracheids with uni- 
seriate pitting. x 210. 

21. Radial strip showing tracheids with tetra-| 
seriate pitting. x 210. 

22. A cone probabiy belonging to Schizoneura | 
gondwanensis. x Nat. size. 

23. Cone as in Fig. 22, enlarged. x Ca. 3. 

24. A portion of the cone shown in Fig. 22, 
enlarged to show the circular elevated portion in 
the centre of the polygonal discs. x Ca. 5. 

25. A piece of cuticle from the cone in Fig. 22. 
x 210. 

26. A broken part of a whorl! of leaves of Acti- 
nopteris indica sp. nov. X Nat. size. 
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BOTRYOPTERIS ELLIPTICA SP. NOV. FROM THE UPPER 
CARBONIFEROUS OF ENGLAND 


Ke 1९५ SURANGE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


INTRODUCTION 


R. H. H. Thomas found a big “‘ petiole”’ 
of Botryopteris attached to a stem as 
seen in Text-fig. 1, /, in a section 

prepared from a block (No. 872) from 
Halifax Coal, Lower Yorkian, England. He 
thought the specimen interesting and very 
kindly handed over the block to me for 
further investigations. In the sections pre- 
pared from this block and its counterpart, 
I have obtained three identical specimens 
of “ petioles ’’, out of which only one showed 
branching. The “ petioles’’ are distinct in 
appearance from any so far recorded in 
tridentate species of Botryopteris and show 
some new and interesting features. 

In order to determine the species of my 
specimen, I examined the slides of Dr. D. H. 
Scott, kept in the British Museum ( Natural 
History ), London. Many of Dr. Scott’s 
slides (Scott coll., slide Nos. 58, 158, 
729-730, 2820-821, 898, 1157, 1398, 1425, 
2167, 2310) showed specimens identical 
with those of mine. But for one or two 
exceptions (e.g. on two slides, No. 58 and 
1351, the specimens were put down as new 
with a query mark, but in his notes he 
assigned them to B. hirsuta; similarly for 
slide Nos. 729 and 730, he does not mention 
any specific name) Scott included these 
types in Botryopteris hirsuta. 

It should, however, be mentioned that in 
the tridentate species of the British Coal 
Measures, many a time it becomes difficult 
to distinguish one species from the other. 
As regards the two species, B. ramosa and B. 
hirsuta, Scott ( 1920, p. 339) himself wrote 
that they are “not always easy to dis- 
tinguish, though it is possible that more 
than two species are concerned’’. The 
specimen under consideration shows a 
‘petiole’? distinct in structure from any 
of the known species of Botryopteris and re- 
vealed a mode of branching not known in 
B. hirsuta. I have, therefore, described this 
specimen under a new specific name. 

I am thankful to Dr. H. H. Thomas 
under whose supervision this work was 
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done at the Botany School, Cambridge, 
England. It was originally assigned to 
B. hirsuta, but my subsequent study con- 
vinced me that it is a distinct species. 
My thanks are also due to Mr. W. N. 
Edwards for giving me facilities to examine 
Dr. D. H. Scott’s slide collection kept at 
the British Museum (Natural History ), 
London. 


MATERIAL 


The present description is based upon a 
series of peel sections taken from a coal ball 
in Mr. Hemingway’s collection from Halifax 
Coal, Lower Yorkian Shore, Lancashire, Eng- 
land, at present kept at the Botany School, 
Cambridge. The coal ball was already cut by 
Mr. Hemingway into more than two blocks 
to which he gave different numbers. Two 
of these blocks ( one being the counterpart 
of the other ) were numbered 872 and 874. 
Block 874 was 1-2 cm. thick, from which 22 
sections were prepared in 8 mm. thickness. 
Block 872 was 1 cm. thick, from which 25 
sections were prepared in 7 mm. thickness. 
Text-fig. 1, a-e, shows the stages in the 
branching of a dorsiventral shoot ( peti- 
ole) observed in sections from block No. 
874. Text-fig. 1, f-s, shows the stem and 
its branching observed in sections from 
block No. 872. The specimen under con- 
sideration, however, disappeared within 4 
mm. in block No. 872. The total length 
traced is, therefore, nearly 1-2 cm. 

Besides, two more dorsiventral shoots, 
identical with the one which showed branch- 
ing, were observed, one in each block. They 
showed no branching. 


DESCRIPTION 
Botryopteris elliptica sp. nov. 


In the following description, I have called 
the so-called petiole a “ dorsiventral shoot ” 
as I have done in B. antigua ( SURANGE, 
1952 ), since it gave rise to a stem and not 
a secondary branch. 


© 


TEXT-FIG, 
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In B. elliptica the dorsiventral shoot gives 
out a stem in the same manner as in B. anti- 
qua. The stages in the origin of stem are as 
follows: 

The stele of the dorsiventral shoot is 
tridentate, the three small teeth marking 
the positions of the protoxylems. From 
the lateral side of this stele a few metaxylem 
tracheids, together with one protoxylem 
group situated on one of the outer teeth, 
separate as a lateral trace. On the outward 
passage of the trace, new metaxylem tra- 
cheids are added on the outer side of the 
protoxylem. As a result, the protoxylem 
becomes mesarch and the lateral trace begins 
to assume the terete structure of a stem stele. 
The stem then separates from the dorsiven- 
tral shoot without undergoing any change 
and immediately gives out roots. As in 
other species of Botryopteris, it is difficult 
here also to count exact number of proto- 
xylem groups. However, at this stage 
at least two protoxylems are clearly dis- 
tinguishable. One is situated in the centre 
and the other near the periphery on one side 
which is abaxial to the dorsiventral shoot. 
From this side the stem stele now gives 
off a small trace, followed immediately by 
another one, which is given off very near to 
the first and is exactly similar to 1. The 
two traces follow the same course outwards 
through the cortex of the stem and look 
like twin branches coming out of the stem. 
The twin branches eventually separate from 
one another and the stem. Immediately 
after this the stem and the branches dis- 
appear and further observations, therefore, 
could not be made. 

After this summary a detailed descrip- 
tion is given below. 


Structure of the Dorsiventral Shoot 


The dorsiventral shoot is somewhat’ flat- 
tened and measures 4-5 x 2:5 mm. (PL. 1, 
Fic. 1). What strikes the eye most in the 
dorsiventral shoot is the wideness of the 


cortex and small size of the vascular bundle. 
The vascular bundle measures only 1:1 x 
0-4 mm. and is also flattened dorsiventrally. 

Cortex — The cells of the epidermis are 
comparatively big, four-sided and occa- 
sionally bear multicellular hairs. The epi- 
dermis is followed by a dark-coloured zone 
(Pr. 1, Fics. 1, 2) of small cells, which are 
rather badly preserved. It is difficult to 
make out what these cells are, but most 
probably they represent slightly thickened 
cells of the mechanical tissue. This dark 
zone is followed by big, slightly angular, 
thin-walled cells of the inner cortex. These 
cells appear rectangular in oblique section 
and show a strikingly regular arrangement 
(Pr. 1, Fic. 2). The two zones of the cor- 
tex are distinct, as it is in B. hirsuta, but its 
appearance as a whole is different from B. 
hirsuta as described by Long ( 1943), and 
also from B. ramosa. This difference in 
appearance is further emphasized by the 
fact that the transverse section of the dorsi- 
ventral shoot in my material is neither 
circular as in 8. hirsuta ( LONG, 1943 ) nor 
D-shaped as in B. ramosa, but it is always 
somewhat flattened. 

The Stele — The stele is elliptical ( Pr. 1, 
Fic. 1) and is unlike that of B. hirsuta. 
Big and pitted metaxylem tracheids form a 
long plate, on the adaxial side of which 
project three very small teeth, marking the 
positions of the three protoxylem groups. 
These three small teeth are in contrast with 
the more pronounced teeth of B. hirsuta. 
After the protoxylem on one of the two outer 
teeth had supplied the lateral trace, the 
stele of the dorsiventral shoot is left with 
only two protoxylems. But at a higher 
level the stele again becomes triarch. It is 
perhaps the central protoxylem which res- 
tores the triarch condition of the stele. 

It thus appears that the central proto- 
xylem group is the main protoxylem of the 
stele, the two other protoxylems on its right 
and left are probably derived from it and are 
only awaiting their release into the lateral 


TEXT-FIG. 1 — a-e shows the stages in the branching of a dorsiventral shoot, producing the radial 


stem and the branching of the radial stem. 
stele of the dorsiventral shoot. 
gives off roots in f, g, A and 2. 


a-e, 
In e the branch trace has developed into the radial stem stele and 
The dorsiventral shoot then disappears. ‘ 
out one primary branch (? petiole) trace in # and then the second one in j and a root in J. 


branch trace is given off by the tridentate 


The radial stem first gives 
The pri- 


mary branches then separate from one another in o and from the radial stem in p. The primary 


branch on the left side gives out a lateral trace for the secondary branch in 7 and 5. 


trace was left of the stem or branches in the block. 


After this no 
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branches. Looking from this angle, it be- 
comes casy to compare such a triarch bundle 
with a monarch one in B. antiqua shoot. 
The main central protoxylem of B. ellip- 
tica can be compared with the single proto- 
xylem of the B. antiqua. The single 
protoxylem of B. antiqua shoot gives off 
branch protoxylems right and left, but only 
when division is to occur. The two branch 
protoxylems have not yet acquired a 
permanent place on the stele in the 
Lower Carbonifeours species. It, nevertheless, 
shows clearly a trend of evolution, which 
appears to have been realized in the Lower 
Coal Measure species. In B. hirsuta and 
probably other tridentate species the central 
protoxylem gives off branch protoxylems 
right and left, which remain attached to 
the stele, until one of them is released in- 
to the lateral trace. It is then very soon 
replaced by a new one from the central 
protoxylem. Thus, in B. hirsuta two branch 
protoxylems have acquired a permanent 
place on the stele, the stele consequently 
becomes permanently triarch. 
The phloem is not well preserved. 


Branching of the Dorsiventral Shoot and 
Origin of the Stem 


When a dorsiventral shoot branches, a 
few metaxylem tracheids, together with one 
protoxylem group from one of the outer 
teeth of the stele, separate as a lateral trace 
( TEXT-FIG. 1, a-c). As a result, the stele 
of the dorsiventral shoot is left with two, 
instead of three, protoxylems. The detached 
lateral trace at first is somewhat oval in 
shape, but very soon small metaxylem 
tracheids appear on the adaxial side of the 
protoxylem, thus engulfing it and giving 
the trace a terete shape. This is the stele 
of the stem in formation. The small tra- 
cheids are formed on that side of the stem 
stele which faces the stele of the dorsiventral 
Shoot (PL MFIG) 2, Text me 199) FAL 
this stage the protoxylem of the stem has 
already divided into at least two groups 
( Pr. 1, Fic. 3 ), which are clearly discernible. 
The addition of small metaxylem tracheids 
to the stem stele continues and as a result 
the stele increases in size ( TEXT-FIG. 1, e de 
The stele consists of small and large tracheids. 

The stages described above are observed 
in block No. 874. Further stages are seen in 
block No. 872, the counterpart of block No. 
874. Text-fig. 1, e, shows the last section 
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prepared from block No. 874 and / the first 
In the latter the radial 
stem is seen still attached to dorsiventral | 
shoot by a layer of a few cells, but now the | 


from block No. 872. 


former has developed into its adult form 
(Pr. AM Figs 


Structure of the Radial Stem 


The radial stem measures 2 mm. in dia- | 
Its stele at this level has increased | 
considerably in size and measures 0:8 x | 


meter. 


0-5 mm. 


The cells of the epidermis are compara- | 
tively big and prominent ( Pts. 1, 2, Fics. ||} 
Some of them bear multicellular |} 


3#6, N): 
hairs. In my specimen the hairs are few 
and not always fully preserved. 
do not possess long, somewhat curved ulti- 


mate cells (unless it is a fault of pre- | 


servation) which are so characteristic 
of B. hirsuta as figured by Williamson 
( 1889 ). 

In the lower region of the stem the epi- 
dermis is followed by a comparatively 
broad zone of thick-walled cells. A little 
higher up, however, only a few thick- 
walled cells remain in this zone, the rest 
being replaced by small thin-walled 
cells. Other cortical cells are large, angu- 
lar and thin-walled. In Pl. 2, Figs. 7, 8, 
the cortex is no longer divided sharply 
into outer and the inner zones (cf. Pr. 1, 
Fie. 3). 

Immediately after the separation from the 


dorsiventral shoot, the stem stele consists 
of small and large tracheids ( Pr. 1, Fic. 3), | 
Two | 
protoxylems can be detected at this stage. | 
One is situated in the centre, the other near | 
The latter | 


and is somewhat irregular in shape. 


the periphery ( Pr. 1, Fie? 3): 
is not preserved and is presumably indicated 
by a cavity. 
two branches. 
branches, the structure of the stem stele 
changes slightly as can be seen in Pls. 1, 2, 
Figs. 5, 8. The stele has assumed a round 
shape and the tracheids have become more 
uniform in size. In the centre of the stele a 
small cavity is present which represents the 
position of the protoxylem group. This, 
I believe, is the permanent adult form of the 
stem. 
immediately after this (Pr. 1, Fic. 4) and 
further changes, therefore, could not be 
observed. 
The phloem is not well preserved.. 


The hairs | 


This protoxylem supplies the | 
After the emission of these | 


Unfortunately the stem disappears 
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Primary Branches 


As soon as the stem separates from the 
dorsiventral shoot, it gives out two roots 
( TEXT-FIG. 1, f). The root seen in PI. 1, 
Fig. 3, measures 0:48 mm. in diameter. In 
the same section the root has given out two 
lateral branches, one of them is seen in 
Text-fig. 1, f. The roots are diarch and 
similar to those in other Botryopteris species. 
A root receives its vascular supply from the 
periphery of the stem stele (Pıs. 1, 2, 
IGS. 3,7). 

Within one millimetre after its separation 
from the dorsiventral shoot, the stem stele 
gives out a small branch trace from the 
periphery where the cavity representing the 
protoxylem is situated (Pr. 2, Fic. 6; 
TEXT-FIG. 1, 4). The trace occupies an 
abaxial position in relation to the dorsi- 
ventral shoot. This is exactly the posi- 
tion from where the first branch trace of B. 
antiqua is given out. Could this trace then be 
compared with the first branch trace of B. 
antiqua? The branch trace is very small 
in size and does not exceed 0:16 mm. in 
diameter. It is difficult to locate the proto- 
xylem, but judging from the small xylem 
elements in the trace, a single protoxylem 
appears to be situated on the side of the 
trace facing the stem stele ( Pr. 2, Fıc. 6). 
One protoxylem remains behind in the stem 
stele for supplying the second and perhaps 
subsequent traces. 

At this level the stele of the dorsiventral 
shoot has already acquired its triarch con- 
dition. The new protoxylem is most pro- 
bably supplied by the central protoxylem. 
The dorsiventral shoot is moving obliquely 
away from the stem. It eventually dis- 
appeared from the sections. 

Immediately after the separation of the 
first branch trace, a second branch trace, 
very similar to it, is given out by the stem 
stele, near the place from where the first 
trace came out (TEXxT-FIG. 1, 7; PL. 2, 
Fıc. 7). The protoxylem which remained 
behind supplied the second trace, which is 
also monarch. 

Small peripheral clear space in the stem 
stele, which presumably marked the posi- 
tion of the protoxylem, has disappeared at 
this level (Pr. 2, Fıcs. 7, 8). There now 
remains probably one protoxylem in the 
centre of the stele ( TEXT-FIG. 1,7). 

Now a diarch root trace comes off from the 
side of the stele from where the two branch 


traces were given out ( TEXT-FIG. 1, k, J; 
Pr. 2, Fic. 8). The root occupies a middle 
position between the two branch traces. 

The two branch traces move out of the 
cortex of the stem simultaneously ( TEXT- 
FIG. 1, %, n). They remind one of the twin 
branches in Stauropteris burntislandica and 
other similar Zygopteridean fronds. The 
first primary branch (? petiole ) separates 
first from the stem and then from the 
second primary branch ( TEXT-FIG. 1, 7, 0 ). 
The latter then separates from the stem 
(IEXT-FIGH1 29.93 Pix Le FIG #6); 

The stem disappears completely in the 
next section. The two branches also dis- 
appear within 1 mm., but before that the 
second branch had given out a small late- 
ral trace, a secondary branch ( TEXT-FIG. 
1:75) 


Structure of the Primary Branches 


Each primary branch measures 1 mm. 
in diameter and its vascular bundle does 
not occupy more space than 0-16-0-2 mm. 
in the centre (PES. 1,52) Fiés yao) 

The epidermal cells are comparatively 
big and distinct. They also bear occa- 
sionally multicellular hairs. The cells of the 
cortex vary slightly in size and tend to 
become smaller towards outside. A few 
thick-walled cells are present in the outer 
part of the cortex. 

The primary branches were still young 
when preserved, for the metaxylem tra- 
cheids had not developed thickenings ( PL. 2, 
Fic. 9). A few small tracheids, which 
represent the protoxylem are, however, 
thickened. The rest of the vascular tissue 
is not well preserved. 

The second primary branch gives out a 
small secondary branch trace immediately 
after separating from the stem ( TEXT- 
FIG. 1, 7, s). It is interesting to note that 
this behaviour of the second primary branch 
is exactly similar to the small trace in B. 
antiqua (also second in the sequence ), 
separating from the stem. 

The primary branches disappear in the 
next two sections after the stage shown in 
Text-fig. 1, s. Further observations, there- 
fore, could not be made. 

On account of the disappearance of stem 
in my material, it is not known what really 
is the normal structure of a primary branch 
or a petiole in this plant. One can rea- 
sonably expect that it would be tridentate 
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and triarch as in other species of Botryop- 
teris, unless, of course, this plant possesses 
only monarch petioles. This point will 
have to be left open until we know more 
about this plant. At present, however, I 
can only compare these two monarch 
branches with the first two primary branches 
( petioles ) of B. antiqua stem ( cf. TEXT-FIG. 
ya) 

Diagnosis — Dorsiventral shoot elliptical, 
wide cortex and comparatively small flat- 
tened vascular bundle with three very small 
teeth marking the positions of protoxylems. 
It gives rise to a stem bearing roots. Stem 
2 mm. in diameter with hairs. Stele terete, 
mesarch or endarch with one or two proto- 
xylem groups. Stem gives off monarch bran- 
ches (? petioles). Petiole and further branch- 
ing not definitely known. 


COMPARISON AND DISCUSSION 


B. elliptica does not correspond closely 
with any of the known eleven species of 
Botryopteris. 

B. elliptica possesses a stem about 2 mm. 
in diameter, with mesarch or endarch stele. 
This distinguishes it from B. trisecta Mamay 
& Andrews (1950), 8. forensis Renault, 
B. Fraiponti Leclercq, and B. radiata Darrah, 
which have much bigger stems. The last 
two species have recently been merged with 
a new lycopsid genus Paurodendron Fry 
(Fry, 1954). 

B. cylindrica Williamson differs from B. 
elliptica in possessing two types of stems, 
and petioles which are semi-lunar in cross- 
section and are monarch or diarch. 

In B. mucilaginosa Kraentzel the stem is 
much bigger in size, 6-7 mm. in diameter, 
and the structure of the cortex and stele is 
also quite different. Besides, it possesses 
“gum ’’ canals which are absent in B. 
ellibtica. 

B. elliptica can also be distinguished from 
B. antiqua Kidston, B. tridentata Felix, B. 
americana Grahm, B. Renaulti Bertrand & 
Cornaille and B. minor Corsin by the struc- 
ture and size of the “ petioles ”’ 

Lastly, B. elliptica differs from B. hirsuta 
Wiiliamson and B. ramosa Williamson in 
several respects. In B. ramosa the stem is 
much bigger in size, 5-6 mm. in diameter. 
In B. hirsuta and also in B. ramosa the 
“petiole ” is round or shows a depression 
on the adaxial surface. In B. elliptica the 


‘petiole’ ( dorsiventral shoot ) is flattened | 


and elliptical. That this flattening is not acci- | 


dental is shown by the fact that the other 


| 
a 


“petioles’’ in my material as well as in Scott’s | 


slides are all invariably elliptical in cross- 


section. Similarly the vascular bundle of the | 


“petiole” is also elliptical and does not pos- | 


sess three so well-developed arms carrying 
protoxylems as in B. hirsuta and B. ramosa. 


Instead, in B. elliptica there are three minute | 


projecting points which indicate the positions 
of the protoxylems. 


B. elliptica as compared to its size. On the 
other hand, the “ petiole’ of B. ramosa and 


B. hirsuta are stronger and have better | 


developed mechanical tissues. 


Morphology of the “ Petiole’’ — The mor- | 


phology of a typically well-developed bo- 
tryopterid petiole, or 
shoot’’ as I have called it, presents a per- 
plexing morphological problem. In at least 
four out of eleven species of Botryopteris, 
namely B. antiqua, B. ramosa ( SURANGE, 
1952), B.. hirsuta (Long, 1943) and UB: 
elliptica, it has been shown that the so-called 
“petiole” ‚gave rise to a stem, bearing 
fronds and roots. And when it is so, why call 
it a petiole? The problem is whether this 
organ is foliar or cauline in nature. It 
appears that it is cauline. 

The evidence is furnished by B. trisecta 
Mamay & Andrews, which is the most com- 
pletely known species of Botryoßteris so far. 
A different interpretation, rather than the 
conventional one as given by Mamay and 
Andrews (1950), has to be given to the 
branch system of B. trisecta. Thus, the 


petiole of B. trisecta could be regarded 


as a dorsiventral shoot (as in B. elliptica ) 


and the product of its division — the 
“primary pinna” and the “ proximal | 
secondary pinna ”’—- which appears to be one | 


and the same ( for, the “‘ proximal secondary 
pinna ” could easily be regarded as the 
continuation of the “ primary pinna’’), 
as a stem. 
terete and just like that of a stem. 
proximal secondary pinna ”’ gives off adventi- 


tious rocts after giving rise to two branches 


(“distal and median secondary pinnae ” ), 
or divides again by dichotomy like a normal 
stem (see “ the proximal secondary pinna ”, 
Mamay & ANDREWS, 1950, pp. 476-478). 
This further explains why there is a “ strik- 
ing difference in size and form between the 


vascular tracts of the proximal secondary | 


Also, the mechanical | 
tissue system appears to be inadequate in 


"IR 
N 


“the dorsiventral | 


In both the so-called stele is ! 
“The 
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pinna ( which, I think, is a stem ) and its two 
associated branches ”’ ( MAMAY & ANDREWS, 
1950, p. 485). This type of branching of 
a big “ petiole ” is exactly similar to that of 
a dorsiventral shoot in B. elliptica ( cf. Fıc. 
7, and MAmAY & ANDREWS, 1950, PL. V, 
Bic. 14. P2C, P2B, P2A ). 

The reason for considering the so-called 
“petiole ” as cauline in nature is that, as 
far as we know, it gave rise to stems only. 
Nothing contrary to this has been found 
so far in B. antiqua, B. hirsuta, B. ramosa 
and B. elliptica. In B. trisecta also in no 
case the “ petiole’’ has been observed to 
give off appendages beyond the first pair 
of pinnae ( which can be regarded as stems 
as explained above ), which depart near its 
base ( MaAMAY & ANDREWS, 1950, 9. 473). 

Further, it has been shown in B. trisecta 
that in its initial departure the “ petiolar 
trace’ is actually a simple branch segment 
of the stem with terete, stem-like stele 
which is retained for at least some distance. 
When the terete stele divides, it gives off 
two “‘stems’”’ ( “ primary pinnae 7 ) and then 
itself becomes W-shaped. In Botryoßteris 
the organ with a dorsiventral, W-shaped 


LE 


stele is regarded as a petiole, which, 
I think, is not always correct. In B. trı- 
secta itself Mamay and Andrews (1950, 


p. 474) have observed that the terete stele 
of the “ proximal secondary pinna ” ( which 
can be interpreted as a stem ) have assumed 


a W-shape. It, therefore, appears that in 
B. trisecta and most probably in other species 
of Botryopteris also the stem is an extremely 
plastic entity and its stele may become 
terete as in a normal stem, or assume a 
W-shape like that of a petiole. Hence, the so- 
called “ petiole ’’ with a W-shaped stele and 
producing a stem may be just another form 
of the stem, rather than that of a petiole. 

It is not intended here to convey that all 
the organs with W-shaped stele are not real 
petioles. They should be put under the 
category of stem or petiole only when their 
branching is known. The petiolar traces of 
B. trisecta and other similar species could be 
W-shaped, but they would perhaps be smaller 
in size than the stems which bear them 
and also from the dorsiventral shoots. The 
stem stele which assumes W-shape appears 
to be generally bigger in size. Why the 
terete stem stele assumes petiole-like dorsi- 
ventral W-shape, it is difficult to say. 

Perhaps this extreme plasticity of the stem 
in Botryopteris has something to do with the 
habit of the plant. The stem with a terete 
stele might have been the upright organ, 
giving off roots and branches (frond). It would 
sometimes dichotomize and one of the 
branches would have a dorsiventral stele, 
which would act like a runner and perhaps 
at a considerable distance and at favourable 
spots would again produce erect, radial stems 
giving out roots and “ fronds ”. 
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EXPLANATION OF PLATES 


PLATE 1 


1. A dorsiventral shoot in cross-section. Note 
the structure of the cortex. The stele is somewhat 
flattened and possesses three protoxylems. The 
one on the left side supplies the lateral trace, 
which has been initiated. x 22. 

2. The same dorsiventral shoot cut at a higher 
level. The lateral trace is moving out of the cortex 
of the dorsiventral shoot. The stele of the former 
consists of large and small tracheids (situated on 
the inner side ) as in B. antiqua. x 16. 

3. Further up the stem is now fully formed and 
is almost completely detached from the dorsiventral 
shoot, a few cells of which are seen at the right-hand 
bottom side. The stele consists of small and large 
tracheids and possesses two protoxylems, one of 
which is situated near the edge (indicated by a 
clear space). This supplies the two branches at a 
higher level. One root is also seen in connection 
with the stem. x 30. 

4. The stem cut at a higher level than in 
Fig. 8 Half of the stem had disappeared. Its two 


branches have completely separated from each 
other. One diarch root is seen between the two 
branches. x 26. 

5. The stem stele from Fig. 3 enlarged. 
only one protoxylem in the centre. x 70. 


It shows 


PLATE 2 


6. The stem seen in Fig. 3 cut at a higher level. 
Note the structure of the stem and the hairs. From 
the peripheral protoxylem one small trace is formed. 
32. 

7. Further up the same peripheral protoxylem 
supplied another small trace. The stem stele is left 
with only one protoxylem in the centre. x 30. 

8. The two small branches are separating from 
the stem. A diarch root is seen between the two 
branches. The large tracheids have disappeared 
from the stele, which now consists of only small 
tracheids with one protoxylem in the centre. x 31. 

9. A small branch enlarged to show its structure. 
x 60. 
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FOSSIL PLANTS FROM THE JURASSIC ROCKS OF 
THE MADRAS COAST, INDIA 


K. SURYANARAYANA 
Birbal Sahni Institute of Palaeobotany, Lucknow 


INTRODUCTION 


cc rocks of Upper Gond- 
F wana age occur in numerous patches 
and: small exposures along the eastern 
coast of the Peninsular India. They are 
represented by the Athgarah beds near 
Cuttack in Orissa; Golapilli sandstones, 
Raghavapuram shales and Tripetty sand- 
stones near Ellore in the Godavari district; 
Budavada sandstones, Vemavaram shales 
and Pavulur sandstones in Guntur district; 
Kandukur group in Nellore district; Sri- 
permatur and Satyavedu sandstones near 
Madras; Uttatur and Terany beds in the 
Trichinopoly district; and lastly near Amar- 
sanpatty in Madura-Ramnad districts. 

Of these the beds exposed at Vemavaram 
( Vammevaram ) are the most interesting 
and noteworthy as they contain a larger 
number of both animal and vegetable re- 
mains than any other beds met with else- 
where. The village of Vemavaram, close 
to which the plant-bearing marine beds are 
exposed, lies 14 miles N.E.N. of Ongole in 
Guntur district and 8 miles inland from the 
coast. This group constitutes the middle 
stage of the triple grouping by Bruce Foote 
of the Upper Gondwana rocks near Ongole 
and is equivalent to the Kota stage. The 
fossiliferous rocks are purple to variegated 
in colour, argillaceous and very hard and can 
be broken into thin slabs along the bedding 
planes. These shales are economically im- 
portant as building and road material due to 
their hardness. A detailed description of the 

eology of the area was given by Bruce 
Foote (1879) in his classical work. 

Fossil plants from these rocks were des- 
cribed by Feistmantel as early as 1879. 
While describing the geology of the area, 
Bruce Foote recorded some animal and plant 
fossils obtained from different horizons, but 
without figures and descriptions. Later, 
this was revised to some extent by Seward 
and Sahni (1920) and Sahni (1928, 1931) 
from the specimens sent by the Geological 
Survey of India. Spath (1933) examined 
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some collections of Ammonites from near 
about Vemavaram and described two new 
fossils, namely Pascoeites budavadensis and 
Gymnoplites Simplex. 

The fossil plants described in this paper 
are among the collection made by me from 
the exposures near the village Vemavaram 
in the middle of December 1953 and in- 
clude a pinnule of Sphenopteris, an interest- 
ing species of Pterophyllum and an impression 
of Cycadophytean stem. 


DESCRIPTION 
Sphenopteris sp. 


Out of the various Upper Gondwana out- 
liers on the east coast of India, the occur- 
rence of Sphenopteris has been reported by 
Bruce Foote from Vemavaram, Sripermatur 
and Trichinopoly groups, all belonging to 
the Kota stage. But neither figures nor 
descriptions of the reported specimens are 
available. 

The present specimen (8107) is an im- 
pression of a single pinnule on a hard, 
variegated, argillaceous, iron-stained shale. 
It measures about 2 cm. in length and 1 cm. 
in breadth. The pinnule ( Pr. 1, Fics. 1, 2) 
is cuneate in shape, contracting into a 
very short foot-stalk. It is elongated and 
divided unequally into four blunt and slightly 
pointed lobes. The lobes are obovate in 
shape, narrow at the base and widening to- 
wards the apex. The central one is more 
prominent and larger than the lateral ones. 
Margins are entire. The venation is very 
well defined. There is nothing like a midrib, 
instead a single stout vein ( TEXT-FIG. 1) 
arises at the base and as a result of repeated 
dichotomy branches into a number of vein- 
lets which supply the different lobes. The 
ultimate veins in each lobe are about 7 
in number. Fructification is not seen. 

Although my specimen is fragmentary, 
the lobing of the lamina, contraction at the 
base and the typical dichotomous branching 
of the veins radiating from the base show 
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TEXT-FIG. 1 


that the pinnule belongs to the genus Sphe- 
nopteris. 

Since variation in individual pinnules as 
regards size, shape, etc., is so very common, 
it is not possible to make specific identifica- 
tion on the basis of a single specimen. 


Pterophyllum bifurcatum sp. nov. 


Diagnosis — Frond with very broad rachis 
showing longitudinal striations, pinnae ob- 
liquely placed, broad at the base and gra- 
dually tapering towards the tip, pinnae 
united at the bases, tip acute, bifurcated, 
venation parallel, 3-4 in number. 

The lower or the middle portion of a 
frond (Pr. 1, Fic. 3 ) is preserved on a hard 
white and purple-coloured shale ( SPECIMEN 
No. 8108), showing some complete pinnae on 
the right half. It measures 6 cm. in length, 
4 cm. in width and is traversed by a broad 
rachis, 1 cm. wide, on which are seen dis- 
tinctly marked longitudinal striations. The 
segments or pinnae into which the lamina 
is divided are opposite, closely arranged 


rather uniformly narrow with somewhat | 
expanded bases, which are 3 mm. broad | 
on the average. 
pinnae to the rachis is oblique, making an | 
average angle of about 70°. The pinnae are | 
nearly parallel-sided, but taper gradually | 
towards the apex. The bases are conti- | 
guous and are joined to one another. The | 
margin gently curves upwards to a pointed | 
tip which is bifurcated (Pr. 1, Fic. 5741 
The bifurcation on the tips may be deep or | 
shallow and either symmetrical, leaving two 
equal pointed halves or irregular, with one 
predominating over the other. Largest 
pinna is about 24 cm. in length. The veins | 
are few, 3-4 in number, faintly marked and | 
widely placed. They are simple and paral- | 
lel, though in rare cases dichotomous near | 
the base. 

Attempts to obtain cuticular preparations | 
from the fossil have failed. The fossil was 
also studied under strong reflected light, 
but did not show any structure. 

The general shape and form of the frond, | 
the oblique attachment of the pinnae to the 
rachis, the shape of the pinnae being broad 
at the base and gradually narrowing down 
towards the apex suggests at first sight that 
the fossil belongs to the genus Ptilophyllum. 
But a closer examination of the bases of the 
pinnae shows that the manner of their at- 
tachment to the rachis is not the one charac- 
teristic of Ptilophyllum, instead they are 
united perfectly to one another, exactly as in 
the case of Pterophyllum and are attached by 
the whole width of their bases. The fossil 
is, therefore, identified as Pterophyllum. 

Of the different species of Pterophyllum, 
P. incisum, described by Sahni and Rao 
(1933) from the Rajmahal Hills is the 
nearest to mine, but not identical. In the 
Rajmahal species the attachment of the 
pinnae is at right angles to the thin rachis 
and the margins of the pinnae are perfectly 
parallel and straight, whereas in the Vema- 
varam species the pinnae are attached at an 
acute angle to a broad rachis and taper 
gradually towards the apical end and in- 
variably curve upwards, giving an entirely 
different look to the frond. 

Another similar species is P. fissum, 
reported by Bruce Foote (1879) from the 
Vemavaram beds. Neither figures nor the 
description of this species from Vemavaram 
are available anywhere. Some fronds be- 
longing to this species were described by 
Feistmantel (1877). These were later des- 
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cribed by Seward and Sahni (1920) as 
Nilssonia fissa, because of the veins which 
emerge obliquely from the rachis and run 
parallel for some distance before bifurcating. 
The main resemblance with my specimen is 
in the division of the apex of the leaflets. 
However, N. fissa differs by its shorter 
and broader pinnae, frequently dichotom- 
izing of the veins and, on the whole, general 
form of the frond. 

Feistmantel (1879) figured three more 
specimens from the shales at Vemavaram 
and described them as Anomozamites fis- 
sum, indicating the important feature — the 
incision on the apex of the leaflets. This 
was transferred by Seward and Sahni to 
Nilssonia, but after examining numerous 
specimens Sahni and Rao (1933) thought 
that the former identification may have 
been correct. All these fronds are wholly 
unlike the species in question and also are 
too fragmentary. All the specimens figured 
by Sahni and Rao as Nilssonia ( Anomo- 
zamites ) fissa differ very much from the 
present one in the shape and attachment of 
the pinnae to the rachis. 

Among the foreign species, Pseudoctenis 
fissa described by Du Toit ( 1927 ) from the 
Molteno beds of Duart castle, Hlatimbe 
valley, Natal, shows similar clefting of the 
apices of the pinnae. But the Natal speci- 
men does not show any resemblance, since 
the segments are much broader, uniformly 
wide with a large number of veins and are 
attached perpendicularly to the rachis. 

There are other species of Pterophyllum, 
e.g. Pterophyllum Thomasi ( HARRIS, 1952 ); 
Pterophyllum sp. b. (Oısuı & Huzıora, 
1938 ); Pterophyllum sp. ( MICHAEL, 1936) 
and Pterophyllum platyrachis ( ZıGno, 1873- 
85), which have tapering pinnae, attached 
to the broad rachis at acute angles. But 
they all differ from Pterophyllum bifurcatum 
in not having bifurcated tips and possessing 
an altogether different look of the lamina. 

Forking of the pinnae in Pterophyllum 
bifurcatum appears to be a normal feature, 
since all the pinnae which are completely 


preserved invariably show this character. 
In this connection it is interesting to note that 
the forked pinnae have been recorded as 
abnormal feature by workers in some liv- 
ing cycads, for example, Cycas circinalis 
( SEWARD, 1917, p. 13 ); Cycas Rumphii var. 
bifida (THISELTON-DYER, 1802, 9. 560); 
Cycas revoluta grown at Allahabad ( PANT, 
1953 ); Encephalartos Lehmanni E. Caffer (?) 
( WIELAND, 1906 ) and E. horridus ( SCHUS- 
TER, 1932); 


CYCADOPHYTEAN STEM 


On the rock specimen bearing the Sphe- 
nopterts pinnule is also seen an impression 
of a small cycadophytean stem, 1:5 cm. in 
length and 1 cm. in breadth ( PL. 1, Fic. 6) 
A portion of the fragment shows the armour 
of the scars of leaf bases which are rhom- 
boidal in shape. It is not possible to deter- 
mine with certainty whether there are zones 
of large and small leaf bases, but the leaf 
bases present are quite large, approximately 
uniform in size and broader than long, 
measuring about 2x1 mm. At the centre 
of each leaf base a transversely elongated 
line is seen in the form of a raised surface. 
The leaf bases are arranged most probably 
in spiral fashion. Neither the vascular 
bundles nor the leaf traces are preserved. 

The morphological features and the gene- 
ral appearance of the stem suggest it to be 
a cycadean type. There is no record of 
cycadean stems from the Madras Coast 
flora, although several of them are known 
from the Rajmahal Hills, Bihar ( BANCROFT, 
1913; Bose, 1953; Saunt & Rao, 1933; 
GANJU, 1946) and hence the significance of 
this specimen. Unfortunately my specimen 
is too poorly preserved to be identified even 
generically. 
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EXPLANATION OF PLATE 1 


1. Sphenopteris pinnule. x 4. 

2. Sphenopteris pinnule. x 6. 

‚3. Pterophyllum bifurcatum sp. nov. Nat. 
size. 


incised tips. 


4. Pterophyllum bifurcatum sp. nov. X 3. 
5. Pterophyllum bifurcatum sp. nov. showing the 

8: | 
6. Cycadophytean stem. x 4. 
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SURYANARAYANA — PLATE 1 


PALMOCARPON MOHGAOENSE SP. NOV., A PALM FRUIT 
FROM THE DECCAN INTERTRAPPEAN SERIES, INDIA 


U. PRAKASH 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


In this paperis described a petrified palm fruit from 
Mohgaon Kalan (22°1’N.; 79°11’E.), the well- 
known locality of the Deccan Intertrappean Series, 
in Chhindwara district of Madhya Pradesh. The 
palm fruit is sufficiently well preserved to reveal 
all its anatomical details and has been referred to 
the form genus Palmocarpon Lesquereux. The 
flora of this locality is regarded as early Tertiary, 
and most probably Eocene. 


INTRODUCTION 


है है HE palm fruit was collected by me from 
I Mohgaon Kalan ( 22°1’N.; 79°11’E.), 
the well-known locality of the Deccan 
Intertrappean Series, in Chhindwara district 
of Madhya Pradesh. So far only a few palm 
fruits have been reported from the Deccan 
Intertrappean series. Rode (1933) briefly 
described two new species of Nipadites, N. 
compressus and N. hindi, from Mohgaon 
Kalan. In the same paper he described a 
trilocular fruit, Tricoccites trigonum, from the 
same locality, which, according to Sahni 
( SAHNI & RODE, 1937 ), belonged to a palm. 
In 1937 Sahni, in a joint paper with Rode, 
re-examined Rode’s collection of 1933. He 
referred Nipadites hindi to Nipa hindi, but he 
found it difficult to decide whether Nipa- 
dites compressus was a Nipa fruit or some 
other type of palm fruit. He, therefore, 
provisionally placed the species under Pal- 
mocarpon compressum. In 1950, Mahabale 
briefly described a palm fruit from Mohgaon 
Kalan as Palmocarpon insigne resembling 
the fruits of modern palms lke Bactrıs, 
Howea, Pritchardia, etc. 

From Takli area near Nagpur only Pal- 
mocarpon (TIriartites) takliensis Sahni is 
known (SAHNI, 1934). In the same paper 
Sahni has also recorded a palm fruit, Pal- 
mocarpon bracteatum and some distorted 
fruits, probably of palms, under Palmocar- 
pon spp., from the Hislop and Hunter 
collection. The locality of these fruits 
is unknown; but they might have come 
from Takli area in the Deccan Intertrap- 
pean series. 
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Apart from the Deccan Intertrappean 
series, a few palm fruits have also been re- 
ported from other Tertiary formations in 
this country. Kaul (1951 ) described Cocos 
Sahnii from Kapurdi ( Jodhpur, Rajasthan 
Desert ). Lakhanpal described Nipa Sahnii 
( LAKHANPAL, 1952, pp. 289-94) from the 
western extremity of Garo Hills, Assam, 


DESCRIPTION 
Monocotyledoneae 
Palmae 


Palmocarpon mohgaoense sp. nov. 


The palm fruit was embedded in a big 
block of chert. When the block was broken 
into smaller pieces, one of the pieces showed 
a palm fruit split up longitudinally. The 
fruit was further cut longitudinally into 
fourteen thin slices, each slice measuring 
about 2-4 mm. in thickness. Out of these, 
seven slices were ground to thin sections for 
microscopic study. A part of the fruit was 
also cut in a transverse plane, and a section 
prepared for study. 


EXTERNAL FEATURES 


Since the fruit was completely embed- 
ded in a block of chert, it was not possible 
to study its external morphology. A recons- 
truction is attempted by superimposing the 
sections and joining the outline ( TEXT-FIG.1 ). 

The fruit is a drupe of medium size, 
compressed and slightly elongated antero- 
posteriorly. It is somewhat obovoid in 
shape, slightly trigonous, about 6-4 cm. 
long, 4:8 cm. broad and 2-3 cm. thick. It is 
difficult to ascertain the presence of ridges 
on the surface of the petrified fruit which 
was completely embedded in the chert, but 
from one transverse section cut at the apex, 
it seems that there may have been four 
longitudinal ridges. 

The pericarp of the fruit is similar to 
that of a palm fruit. It is made up of a 
thin epicarp, a semi-fibrous mesocarp and 
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this end of the fruit. Throughout the paren- 
chymatous ground tissue (Pr. 2, Fic. 8) a 
large number of big empty cells are scattered, 


TEXT-FIG. 1 — Reconstructed fruit of Palmo- 
carpon mohgaoense. Natural size. 


LUE 
di A 2 
it h X 
a hard endocarp. The pericarp is well 7 58 
developed at the posterior end, but thins 
out along the sides and towards the anterior 
end of the fruit (Pr. 1, Fie. 3). Cells of 


the epicarp are not preserved. 


MESOCARP 


Ground Tissue — The ground tissue ( PL. 2, 
Fıc. 8 ) is composed mostly of two types 
of loose, thin-walled parenchymatous cells 
of various dimensions. Some of these cells 
are oblong, longer than broad, while the rest 
are round to oval in shape. The oblong 
cells are generally found in association with 
the bundles (Pr. 2, Fıcs. 6, 8) and show 
radiating arrangement. Near the base of 
the fruit, among the parenchyma cells 
( TEXT-FIG. 2), are found groups of thick- 
walled, oval to angular cells which strengthen 


+ 


TEXT-FIGs. 2-7—2, groups of thick-walled cells 
among the ground parenchyma of the mesocarp. 
x 275. 3, highly magnified cells of the fibrous 
girdle. x 275. 4, a fibro-vascular bundle from the 
basal end of the fruit showing radiating parenchyma 
round it. x 62-5. 5, a magnified fibro-vascular 
bundle with ventral sclerenchyma. x 137-5. 6, a 
fibro-vascular bundle near the endocarp at the basal 
end of the seed. x 110. 7, a fibro-vascular bundle 
with seven vessels. x 120. 
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which may have served as crystal sacs. 
Some of the ground tissue cells also contain 
yellowish crystalline deposits. 

Bundles — Immediately beneath the outer- 
most thin layer of the epicarp is a fibrous 
band running all round the fruit. It is about 
112 x thick and made up of thick-walled 
cells ( TEXT-FIG. 3). Just below this fibrous 
zone are arranged numerous small fibrous 
bundles which have been cut in almost all 
the planes. At the apical end of the fruit, 
following the fibrous bundles, some oval to 
oblong fibro-vascular bundles are arranged 
in three alternate tiers (Pr. 2, Fic. 7), of 
which the middle tier is composed of bigger 
bundles and the other two are made up of 
smaller bundles. Near the basal end of the 
seed both the fibrous and fibro-vascular 
bundles are somewhat closely arranged 
(Pr. 2, Fıc. 9). In the rest of the ground 
tissue (Pr. 1, Fic. 5) both the fibrous and 
fibro-vascular bundles are seen running in 
all directions and are distantly placed. 
Some of these bundles branch to give out 
smaller bundles. Usually, the bundles of 
this region run lengthwise in the fruit. 

The fibro-vascular bundles of the meso- 
carp show different shapes, sizes and forms. 
Usually, there are three kinds of bundles as 
seen in the longitudinal sections of the fruit. 
Some bundles situated at the basal end of the 
fruit near the periphery are large, circular 
to elliptic-ovate in outline. In cross-section 
some of these bundles ( TEXT-FIG. 4) have a 
marked concavity or the median sinus of the 
dorsal sclerenchyma (see SAHNI, 1943, p. 
211), embracing completely the vascular 
tissue, which is very small in comparison 
to the sclerenchymatous tissue. The arms of 
the dorsal sclerenchyma are big and roundly 
pointed. The vascular part shows either 
a single large median vessel or a pair of round 
vessels lying side by side. The ventral 
sclerenchyma is usually absent. However, 
in one of the bundles ventral sclerenchyma 
is clearly seen ( TEXT-FIG. 5), joining the 
dorsal sclerenchyma, forming a ring round 
the vessels. 

The bundles which are situated between 
the periphery and the seed towards the basa! 
end of the fruit look somewhat different in 
cross-section ( TEXT-FIGS. 6, 7). They are 
oval to elliptical in shape with curved median 
sinus of the massive dorsal sclerenchyma. 
The arms are usually small and somewhat 
roundly pointed and in some ( TEXT-FIG. 7 ) 
one arm is bigger than the other. The vas- 


cular part is excluded and constituted of 
seven to eight vessels arranged in a V- 
shape, but each vessel is separated from the 
other by a few parenchymatous cells. The 
protoxylem is towards the bottom of the V. 
The ventral sclerenchyma is absent and the 
phloem does not seem to be preserved, 
These bundles are similar to the leaf trace 
bundles of a palm stem. 

A third type of fibro-vascular bundles is 
found, at the apical end of the fruit ( Pr. 2, 
Fic. 7 ) as well as towards the basal part of 
the=stones (PL. 2, Fie.,.9.)-5 1t asseval sor 
oblong in shape and usually possesses both 
the dorsal and ventral sclerenchyma enclos- 
ing the vascular part. The vessels as well as 
the phloem tissue is not preserved in any of 
the bundles. 

As regards the fibrous bundles, they are 
small and circular in transverse section and 
are made up of thick-walled cells. 

The thickening of the big metaxylem ves- 
sels is of scalariform type ( PL. 1, Fic. 2). 

Stegmata are present round the scleren- 
chyma of the fibro-vascular as well as the 
fibrous bundles. They are to be seen clearly 
in the bundles which are cut longitudinally. 
The stegmata are generally arranged in 
longitudinal rows (Pr. 2, Fic. 11). 


ENDOCARP 


The endocarp is fairly uniform in thick- 
ness. It is formed of three coats ( TEXT- 
FIG. 8). The outer coat is thin and usually 
composed of 1-4 layers of cells, except at 
few places where it is many layered. Both 
the outer and inner coats are made up of 
thick-walled cells ( TEXT-FIGS. 9, 11 ), where- 
as the middle coat is composed of thin- 
walled cells ( TEXT-FIG. 10). This middle 
coat of the endocarp is traversed by a 
number of widely spaced fibro-vascular 
bundles which have been cut longitudinally 
1225 18 1 0४ 616 5) 


SEEDS 


The seeds lie inside the pericarp. The 
longitudinal serial sections reveal that the 
fruit (Pr. 1, Fic. 4) contains one well- 
developed seed occupying about three- 
fourths of the space. In addition two 
aborted seeds are also present (Pr. 1, Fıcs. 
1, 3). The carpel which lies towards the 
basal end of the fruit is very small and 
completely aborted. It has been seen in 
only one slice (Pr. 1, Fic. 3). The mid- 
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TEXT-FIGS. 8-15 — 8, a line drawing of endocarp and its neighbouring regions. Mes., mesocarp. x 120. 
9, a layer of outer endocarp (0.e.) magnified. x 550. 10, a part of middle endocarp ( m.e.) magni- 
fied. x 550. 11,a part of inner endocarp ( i.e.) magnified. x 550. 12, thin-walled cells of the seed- 
coat. x 550. 13, a part of endosperm ( Endos.) magnified. x Ses es. obliquely cut embryo with a 
ring of procambial strands. x 20. 15, cellular tissue of the embryo. x 550. 


dle carpel, which has formed a well-dev- wards the apical end, just beyond the 
eloped, ellipsoidal seed, measures 3x1-9 median line on one side of the fruit: (Ba 
cm. in the median longitudinal plane (br Wy Bie 1), 8 somewhat big, 1:1x0-9 cm. 
LeFies.4). Ther third seed, which lies to- in size, but aborted, and the cavity 
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is filled mostly with siliceous matter. It 
appears, therefore, that in the earlier 
stages of development, there were three 
carpels, but as the fruit developed, only 
one of them became mature while others 
aborted. 

The seed-coat is not well preserved and 
can be recognized at some places where 
only a part of the coat is seen. It is com- 
_posed of thin-walled cells ( TEXT-FIG. 12). 

Embryo — Inside the seed ( PL. 1, Fic. 1) 
is present an apical embryo and patches 
of rather badly preserved albuminous matter, 
the rest being replaced by chalcedony. The 
endosperm ( PL. 2, Fic. 12; TEXT-FIG. 13 ) is 
tough and composed of thick-walled polygonal 
cells. The embryo is small, conical, 7 mm. 
in length and attached to the apex of the 
seed ( Pr. 2, Fic. 10) with its massive base, 
which is 3 mm. thick. The apex, on the 
other hand, is only 1 mm. thick. The 
embryo is obliquely placed to the breadth 
of the fruit and shows a small knob-like 
structure near its base. There is a ring of 
small yellowish patches (TEXT-FIG. 14) 
near the periphery of the embryo, which 
appear to be the procambial strands of the 
vascular tissue. The embryo is composed 
of thin-walled cells ( TEXT-FIG. 15), with 
small intercellular spaces. 

Diagnosis — Fruit a drupe, obovoid, com- 
pressed and slightly trigonous; about 6-4 cm. 
long, 48 cm. broad and 2-3 cm. thick. 
Possibly, four longitudinal ridges on the sur- 
face of the fruit. Epicarp thin, cells not pre- 
served. Mesocarp semi-fibrous, composed of 
loose thin-walled cells of ground tissue with 
fibrous and fibro-vascular bundles; oblong 
ground parenchyma cells usually radiating 
from the bundles; groups of thick-walled cells 
present near the base of the fruit; numerous 
big cells also scattered in the mesocarp. 
Endocarp hard and formed of three coats. 
Carpels three, two aborted and one developed 
into an ellipsoidal seed measuring 3 x 1-9 cm. 
Endosperm tough and formed of thick-walled 
cells. Embryo conical, attached to the apex 
of the seed. 

Locality — Mohgaon Kalan, Deccan Inter- 
trappean series, Madhya Pradesh. 

Age — Early Tertiary ( probably Eocene ). 

Type Specimen — B.S.1.P. No. 5525. 


DISCUSSION 


The identification of a fossil palm fruit is a 
difficult proposition since the fruits of recent 


species are not easily available for compari- 
son and practically very little work has been 
done on them. Fossil palm fruits, where 
the affinities are not very certain, are in- 
cluded under the form genus Palmocarpon, 
proposed by Lesquereux in 1878. Several 
species of Palmocarpon have been described 
from various parts of the world. So far 
only a few species have been reported from 
the Deccan Intertrappean series. 

Indian fossil palm fruits are imperfectly 
known. The comparison of Palmocarpon moh- 
gaoense, therefore, cannot be made in detail. 

Palmocarpon compressum (Rode) Sahni, 
also from Mohgaon Kalan, differs from 
Palmocarpon mohgaoense in the size of the 
fruit, in the absence of two aborted carpels, 
and in the oblong shape of the seed. 

The other palm fruit from Mohgaon 
Kalan, Palmocarpon insigne Mahabale, also 
differs greatly from P. mohgaoense. The 
chief differences are in the size and shape of 
two fruits and in the presence of stellete 
fibres in P. insigne which run obliquely 
and lie on the endocarp. 

Palmocarpon (Iriartites) takliensis Sahni 
is known from Takli, another Deccan Inter- 
trappean locality, but it differs from P. 
mohgaoense in the ovoid shape of the fruit 
and in the presence of numerous very fine 
ribs on the surface radiating from the apical 
umbo. 

Palmocarpon bracteatum Sahni known from 
the Deccan Intertrappean series differs from 
P. mohgaoense in the form of the fruit which 
is sub-spherical in P. bracteatum. The fruit 
of P. bracteatum is also attached on an axis, 
bearing short, thick, broadly rounded, longi- 
tudinally ribbed bracts. 

The species of fossil Nzfa described from 
Madhya Pradesh and Garo Hills, Assam, 
show marked differences from P. mohgao- 
ense. Also, in order to compare the anatomy 
of Nipa with that of P. mohgaoense, I have 
prepared sections of the living fruit in the 
same plane in which the fossil fruit has been 
cut. The anatomy is also different in both 
the fruits. 

P. mohgaoense, therefore, is distinct from 
all species known from India and is, there- 
fore, described under a new specific name. 
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EXPLANATION OF PLATES 


PLATE 1 


1. L.S. of the fruit towards one side of the 
median line with two seed cavities. Embryo (E) 
is seen at the apical end of the well-developed seed. 
x A 

2. Pitting of the vessels. x 580. 

3. L.S. of the fruit showing one well-developed 
and the other aborted seed. x 2. 

4. Median L.S. of the fruit with one well-developed 
seed ४९ 2: 

5. Basal half of the longitudinally cut fruit 
magnified to show the mesocarp (MES), the endo- 
carp (END) and the endosperm (ENDOS). The 
distribution of the bundles in the mesocarp is 
clearly seen. x 3-5. 


fruits of Nipa fruiticans and giving many | | 
helpful suggestions. | 


| 
Il 
| 


| 
| 
| 


| 


of the Central Provinces. Curr. Sci. 2(5): 171- | 
1927 | 
Saunt, 3. (1934). The silicified flora of the Deccan | 
Intertrappean Series. Part II. Gymnosper-| 
mous and angiospermous fruits. Proc. 21st Ind. 
Sci. Cong. Bombay: 317-318. | 
Idem (1943). A new species of petrified palm 
stems, Palmoxylon sclerodermum sp. nov., from 
the Deccan Intertrappean series. Jour. Ind. 
Bot. Soc. 22(1): 209-224. | 
SAHNI, 3. & RoDE, K. P. (1937). Fossil plants | 
from the Intertrappean beds of Mohgaon Kalan, 
in the Deccan, with a sketch of geology of the 


Chhindwara district. Proc. Nat. Acad. Sci. 
India. 7(3): 165-174. 
PLATE 2 


6. The fibro-vascular bundles at the basal end of 
the fruit with radiating parenchyma all round. x 40. 

7. L.S. of the fruit at the apical end showing 
three tiers of the fibro-vascular bundles. X 90. 

8. L.S. of the mesocarp showing a longitudinally 
cut bundle, big cells, and loose ground tissue. x 120. 

9. Aggregation of the fibrous and fibro-vascular | 
bundles at the basal end of the seed near the endo- {|| 
Carps 3430) 

10. Obliquely cut embryo attached to the apex 
of the seed with peripheral ring of procambial 
strands. x 14. 

11. Stegmata highly magnified. x 350. 

12. Endosperm of the seed. x 120. 
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ON TWO NEW SPECIES OF MESEMBRIOXYLON FROM 
THE CRETACEOUS ROCKS OF THE TRICHINOPOLY DISTRICT, 
MADRAS 


C. P. VARMA 


ABSTRACT 


A collection of about a dozen fossil woods from the 
Cretaceous rocks of the Trichinopoly district sent 
by Mr. S. R. Sarma reveals the presence of coni- 
ferous woods which have been preserved in lime- 
stone. The two woods described in this paper 
represent two new species of Mesembrioxylon 
Seward, an artificial genus of fossil conifers showing 
podocarpinean affınities. The new species have 
been named M. trichinopoliense and M. Sarmai. 
The former shows some resemblance with M. fusi- 
forme Sahni described from the Tertiary of Queens- 
land while the latter is new. 


INTRODUCTION 


were collected by Mr. 5. R. Sarma, 
then Lecturer in Geology at the 
Osmania University, Hyderabad, in Sep- 
tember 1953 from the ‘nala’ west of the 
ninth milestone on Pullambadi-Garudaman- 
galam Road, south of the village Garuda- 
mangalam (11°5’: 78°55’). The exact spot 
indicated in grid readings is J 708873. The 
consignment from this locality consisted of 
about a dozen fossil woods, out of which 
only two pieces, which looked promising, 
were selected and studied. These fossil 
woods are of interest with regard to their 
mode of preservation and occurrence in these 
beds. The petrifactions have resulted from 
the replacement of organic matter of the 
woods by calcium carbonate instead of the 
most common replacing mineral silica. 
The structures of the woods are badly pre- 
served, as was expected, because weathering 
and percolation of solution is easier in the 
case of limestone than in silica. 
The Cretaceous system of the Trichino- 
poly district comprises ( in descending order ) 
the following stages: 


ie specimens described in this paper 


Niniyur ( Danian ), 

Ariyalur ( Maestrichtian ), 

Trichinopoly (Turonian-Senonian ), and 
Utatur ( Cenomanian ). 


The beds exposed in and around Garuda- 
mangalam belong to the Trichinopoly stage 
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of the Cretaceous system and there is no 
evidence of the fossil woods being derived 
from any formation other than those from 
which they have been picked. 

Blanford reported the occurrence of Cy- 
cadean woods (not generically identified ) 
from the Cretaceous rocks of this district 
in 1865. Later, Feistmantel (1877) des- 
cribed a tree-fern from these rocks and 
named it as Protocyathea trichinopoliensis. 
Krishnan (1949) made a mention of huge 
tree trunks lying in some areas near Sat- 
tanur and Garudamangalam but did not 
commit himself regarding their affinities. 
Recently, Aiyengar and Jacob ( 1952 ) have 
described a Cycad ( Pseudocycadeoidea ) col- 
lected from Varagur ( Trichinopoly stage ) 
which they consider to represent a new 
genus. No account of the coniferous woods 
from the Cretaceous rocks of this district 
is known other than that of Sahni ( 1931, 
p.76) who described two woods from this 
district and put their age as “ Prob. Cre- 
taceous’’. One wood is described as a 
doubtful Dadoxylon sp. and the other as a 
‘Coniferous wood indeterminable ” 

Although my specimens are not very well 
preserved, they are described in some detail 
because they permit of a generic and specific 
identification of the woods. Practically 
no work has been done on the fossil woods, 
though occurring abundantly in this area, 
perhaps because in most of the woods the 
anatomical details are not nicely preserved; 
but with a little luck and labour one is very 
likely to find pieces which would show 
generic and specific characters. 


DESCRIPTION 
Mesembrioxylon trichinopoliense sp. nov. 


Diagnosis —Growth-rings prominently seen 
on weathered surface. Under the microscope 


they are visible as narrow, irregular 
and ill-defined rings. Resin canals absent, 
wood parenchyma rarely seen. Bordered 


pits present only on radial walls of the 
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TEXT-FIGS. 1-3 — Mesembrioxylon trichinopoliense sp. nov. 
seriate, separate, circular, bordered pits on their radial walls with circular to elliptical pores. 
upper side are seen a few partly preserved medullary rays crossing them. x 280. 
3, a radial section showing 1-2 simple, fusiform pits in the 


seen in tangential sections. x 280. 
field. x 280. 


tracheids. Pits uniseriate, circular, separate 
or rarely contiguous and slightly compressed. 
The pits mostly measure 16x 16 u with 
a circular pore about 3 u in diameter. 
Bars of Sanio absent. Medullary rays 
uniseriate, usually 2-6 cells high with a maxi- 
mum height of 10 cells. One or two sim- 
ple, fusiform pits in the field, each about 
9-135<3' u, 

Locality — Garudamangalam, Trichinopoly 
district, South India. 

Horizon — Trichinopoly Stage 
nian-Senonian ), Cretaceous. 

Registered No. B.S.I.P. Coll. 8019. 

External Features and Preservation — The 
fossil wood numbered 8019 measured about 


( Turo- 


2OOO0O 408 


se 


N 


1, a number of tracheids showing uni- 
On the 
2, medullary rays as 


4 cm. long and 5-5 cm. broad at its widest 
part before cutting and represented only a 
portion of a branch. The innermost parts 
of the transverse sections of the wood appear 
to represent a portion very near the pith 
region which is not preserved here. The 
branch of which the fossil was a part must 
have been at least 11 cm. in diameter ex- 
cluding the pith and cortex. The organic 
matter of the wood has been replaced by 
calcium carbonate. This fact at once be- 
comes clear, when the fossil is treated with 
hydrochloric acid. When the sections are 
viewed under the microscope, the cleav- 
age planes characteristic of calcite are 
seen. These slides, when examined under the 
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petrological microscope, also give a positive 
test for calcite. 

Growth-rings — Externally, the fossil show- 
ed markings of the growth-rings through- 
out the width. When sectioned, it was 
seen to be represented by an inner zone 
of almost undifferentiated tracheids and an 
outer zone showing a number of very narrow 
growth-rings (Pr. 1, Fic. 1). Pith and 
cortical regions are missing. The late wood 
elements extend radially from one to six 
tracheids in width. A very small zone of the 
late wood tracheids suggests that the tree 
was subjected to short unfavourable periods. 
During fossilization the wood appears to 
have undergone squeezing in different direc- 
tions. This is evident from the groups of 
tracheids which are seen with sinuous walls 
BEI 1,-PiG..2,): 

Details of Tracheids — Xylem cylinder 
compactly packed. Early wood tracheids 
mainly rounded and elliptical, 10-45 u wide 
(more commonly 16-32 u). Late wood 
tracheids are rectangular to elliptical mea- 
suring 3-9 uw radially and 19-26 u laterally 
(Pr. 1, Fıc. 2). Cells of the early and late 
wood tracheids are almost equally thick- 
walled except that the late wood elements 
appear as narrow zones and are somewhat 


darker in colour under the microscope. 
The radial walls of early wood trach- 
eids show uniseriate, circular, bordered 


pits (Pr. 1, Fic. 4; Text-ric. 1) which 
are not well preserved. The pits are usual- 
ly separate, though infrequently they may 
also be contiguous. Tangential walls of 
the tracheids are unpitted. The border- 
ed pits may have circular or obliquely 
elliptical pores, the pits measure 13-20 u 
in diameter and the pores about 3 u 
across. Bars of Sanio and resin canals are 
absent. 

Medullary Rays — The medullary rays are 
simple, uniseriate and usually 2-6 cells high 
(range 1-10 cells). In tangential section 
each cell looks rounded to oblong with end 
cells tapering ( TEXT-FIG. 2). The rays 
in tangential sections are normally crowded 
and may be seen adjoining each tracheid 
or a group of only two or three tracheids 
(Pr. 1, Fic. 3). The cell walls are as thick 
as those of the neighbouring tracheids. 
The horizontal and tangential walls of the 
ray cells do not show any pit. Medullary 
ray cells in tangential section are more 
commonly rounded to oblong and not 
broadened laterally. 


Field Pits —On the radial walls of the 
medullary rays are seen 1-2 fusiform ob- 
liquely placed pits in the field ( TExT- 
FIG. 3 ). The pits are badly preserved and 
observed with difficulty. A good photo- 
graph could not be taken. The pits measure 
about 9-13 X 3u. At places where the 
medullary rays and the tracheids cross each 
other, a single circular area in the field is 
sometimes observed, but this feature is most 
probably due to the confluence of the field 
pits because of defective preservation. 


Mesembrioxylon Sarmai sp. nov. 


Diagnosis — Growth-rings scarcely vis- 
ible from outside but seen in section. Re- 
sin canals absent, wood parenchyma 
rarely seen. Pith comparatively very small, 
about 1 mm. Primary xylem bundles end- 


arch. Bordered pits present only on 
radial walls of the tracheids. Pits uni- 
seriate, circular, separate. rarely conti- 


guous and slightly compressed, measuring 
mostly 13-16 u in diameter. Bars of Sanio 
not observed. Medullary rays uniseriate, 
usually 3-8 cells high with a maximum 
height of 18 cells. Pits in the field 2-4 
(mostly 4), small, oval to oblong and border- 
less, in one or two rows, lying in an oblique- 
ly vertical position and measure 8 x 6 u. 

Locality —Garudamangalam, Trichinopoly 
district, South India. 

Horizon — Trichinopoly 
nian-Senonian ), Cretaceous. 

Registered No. B.S.I.P. Coll. 8020. 

The fossil wood numbered 8020 is also 
preserved in limestone. It measured 10 cm. 
long and 6 cm. wide (at its broadest part ) 
before cutting, with its pith eccentrically 
placed at a distance of about 5 cm. from the 
outermost part. The section shown in 
Fig. 7 is from near the narrower end 
of the wood. Only the pith and a part 
of the secondary xylem are represented in 
the fossil. The above facts indicate the 
fossil wood to be a portion of a branch at 
least 10 cm. in diameter excluding the cortex. 

Growth-rings — Externally the growth- 
rings were not evident but in sections they 
appear to be fairly equidistant (Pr. 1, 
Fic. 6). The late wood elements present a 
somewhat similar aspect as in the previous 
wood and are generally 1-6 rows wide ( PL. 1, 
Fig 300 

Pith — Out of the total thickness of the 
branch, calculated to be more than 10 cm., 


stage ( Turo- 
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TEXT-FIGS. 4-6 — Mesembrioxylon Sarmai sp. nov. 
separate, circular, bordered pits on their radial walls with almost circular pores. x 280. 
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4, a number of tracheids showing uniseriate, 
5, medullary 


rays as seen in tangential sections. x 280. 6, a radial section showing 4 simple, oval to oblong pits 


in the field. x 280. 


the pith is comparatively very small and 
measures about i mm. in diameter ( PL. 2, 
Fics. 7,8). The pith is not well preserved 
and several cracks pass through it. The 
pith region is roughly circular ( PL. 2, Fic. 8) 
though due to pressure it looks oblong to 
almost triangular in some transverse sections 
passing through the pith at other levels. It 
consists of large, thin-walled, mostly rounded 
cells. The cell walls of the pith parenchyma 
have not been preserved well at places but 
their predominantly rounded nature is dis- 
cernible and could also be deduced by the 
presence of triangular areas representing 
the intercellular spaces. The pith cells 
generally measure 42-56 u. (range 28-70 u) 
in diameter. The protoxylem groups which 
are endarch do not show themselves pro- 


minently but some of them could be seen 
slightly projecting as rounded angles into 
the peripheral region of the pith (PL. 2, 
Fics. 8, 9). The actual number of pro- 
toxylem groups could not be known with 
certainty. 

Details of the Elements — Xylem cylinder 
is compactly packed. The early wood 
tracheids are mostly 16-32 uw broad and 
appear rounded or elliptical in cross-section 
(PL. 1, Fic. 5). They show various 
other shapes which are due to the 
pressure exerted on the tracheids dur- 
ing fossilization. The late wood tracheids 
appear to be laterally elliptical or rect- 
angular and measure 3-16 [५ radially 
and 16-26 u laterally and may be 1-6 rows 
wide. 
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The radial walls of the tracheids show 
uniseriate, circular, bordered pits with 
circular pores ( PL. 2, Fic. 11; TEXT-FIG. 4). 
These pits mostly lie separated from each 
other but are sometimes seen to be conti- 
guous. The pits in the tracheids measure 
9-20 u. in diameter ( mostly 13-16 ७) with 
circular pores about 3 u. wide. Bars of 
Sanio not observed. 

Medullary Rays — These are simple, uni- 
seriate, mostly 3-8 cells high (range 1-18 ). 
In tangential section the ray cells are oblong 
or rectangular with end cells tapering 
PPT 2, Fic. 10; Text-ric. 5). The rays 
have walls as thick as tracheids and lumen 
about 9-16 u wide. The horizontal and 
tangential walls do not show any pit. 

Field Pits — They are very badly pre- 
served and it has not been possible to get a 
better photograph (Pr. 2, Fic. 12; TEXT- 
FIG. 6). There are 2-4 pits in each field. 
Principally there seem to be four pits 
arranged in two rows or two pits arranged in 
one row horizontally. The pits are simple, 
oval to oblong and directed upwards. They 
measure 8x6 u. Occasionally, there appears 
only one, big simple pit in each field which 
seems to be due to the obliteration of the 
pits in the field. 

I have named this species M. Sarmai 
after my friend Mr. S. R. Sarma who col- 
lected it. 

Systematic Position of the Two Woods — 
The two woods described above show their 
closest similarity with the fossil conifer 
Mesembrioxylon in general structure, in 
possessing uniseriate medullary rays and in 
having 1-4 simple pits in the field which are 
obliquely vertical in disposition. Seward 
(1919, p. 173) created this genus to in- 
clude the fossil genera Podocarpoxylon Go- 
than, Phyllocladoxylon Gothan and Para- 
phyllocladoxylon Holden. ; 

Specific Comparisons — The foregoing des- 
criptions of the two woods numbered 8019 
and 8020, indicate a good deal of similarity 
with each other in general structure. But 
there are some prominent differences shown 
by the two woods. M. trichinopoliense 
shows very narrow growth-rings, 2-6 (up 
to 10) cells high medullary rays and 1-2 
simple, fusiform pits in the field measuring 
9-13 x 3 u. Nothing is known about the 
pith of this species. M. Sarmai, on the 
other hand, shows a very small pith, broader 
and more regular growth-rings, 3-8 (up to 
18) cells high medullary rays and 2-4 oval 
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to oblong pits, measuring 8 x 6 u, in each 
field. 

M. trichinopoliense is not identical with 
any of the described species of Mesembrio- 
xylon; but some species, viz. M. fusiforme 
Sahni, M. fluviale Sahni, M. Gothani (Stopes) 
Seward and M. aparenchymatosum ( Gothan ) 
Seward, approach it in having 1-2 simple 
pits in each field. M. fusiforme Sahni 
(1920, pp. 27-28), a Tertiary wood from 
Queensland shows resemblance in having 
usually one fusiform pit in the field. But 
it differs prominently in having ‘ sometimes 
even three or four smaller pits’, regularly 
rectangular shape of the medullary rays 
and transverse end-walls of the ray cells. It 
also differs in possessing bars of Sanio, 
besides many other differences in its details. 
M. fluviale Sahni shows resemblance in hav- 
ing very narrow growth-rings but differs very 
prominently in showing 1 or 2 oblique 
simple pits in the field which are much 
smaller and different in shape as compared 
to those of M. trichinopoliense. 

The other wood Mesembrioxylon Sarmai 
is different from all other species of Me- 
sembrioxylon described so far in having 
principally 4, simple, oval to oblong pits in 
each field besides other characters. It shows 
resemblance with M. fusiforme in the number 
of field pits which range from 1-4. But M. 
fusiforme differs in having 1-4 long, fusiform 
pits, regularly rectangular shape of the me- 
dullary rays and conspicuous bars of Sanio. 
With regard to a very small pith M. Sarmai 
shows a parallel with M. Shanense Sahni 
(1937) a Jurassic species from Burma. 
This species differs from M. Sarmai mainly 
in having very low, 1-2 cells high medullary 
rays and one (rarely 2) large borderless 
pit in the field. M. fluviale, which is other- 
wise quite different has, however, small, 
oval and oblique field-pits though their 
number is only 1-2 in each field. For com- 
parative tables of the various species of 
Mesembrioxylon a reference may be made to 
Sahni ( 1931), Bhardwaj ( 1953 ) and Rama- 
nujam (1953). 
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PLATE 1 

1. M. trichinopoliense — A transverse sec- 
tion showing very narrow growth-rings. 
> 13. 

2. M. trichinopoliense — A transverse section 


showing the relative sizes of the early and late wood 
elements. x 128. 

3. M. trichinopoliense — A tangential section 
showing the distribution and uniseriate nature of 
the medullary rays. x 128. 

4. M. trichinopoliense — A radial section magni- 
fied to show the bordered pits more distinctly. 
2256: 

5. M. Sarmai — An 
tion showing 3 zones of very close lying 
late wood elements. It also shows the 
relative sizes of early and late wood elements. 
xE128: 


unusual transverse sec- 


6. M. Sarmai — A transverse section show- 
ing the usual width of the growth-rings. 
else 


= PLATE 2 


7. M. Sarmai — A transverse section of the wood 
showing a relatively very small pith. x 2:5. 

8. M. Sarmai — Part of a transverse section 
showing the pith region. Due to a crack in the 
section on the right-hand side of the pith very few 
xylem elements are seen on that side. x 40. 

9. M. Sarmai — A part of the above section 
( enclosed in the area marked on the photo ) enlarged 
to show the protoxylem elements projecting as 
rounded angles into the pith. x 185. 

10. M. Sarmai — A tangential section showing 
the uniseriate nature and the distribution of 
medullary rays. x 128. 

11. M. Sarmai — Part of a radial section showing 
tracheidal pits. x 256. 

12. M. Sarmai — Part of a section showing 4 
simple, oval pits in the field, the one near the arrow 
is less distinct in the figure and the upper wall of 
this pit has actually coalesced with the pit above. 
x 575. 
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ARAUCARITES BINDRABUNENSIS SP. NOV., A PETRIFIED 
MEGASTROBILUS FROM THE JURASSIC OF 
RAJMAHAL HILLS, BIHAR 


VISHNU-MITTRE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Under the name Araucarites bindrabunensis sp. 
nov. two specimens of petrified araucarian mega- 
strobili are described from the Rajmahal Hills, Bihar. 
The megastrobili are ellipsoid in form and bear 
closely arranged, numerous, single-seeded scales. 
The scales are ligulate, winged and woody. Vas- 
cular supply of the cone-scales is probably double. 
Sclereids are absent from the pith of the cone axis 
and resin cells from below the vascular bundles both 
in the scale and the ligule. Stomata are absent 
from the upper surface of the seed-scale. Epidermal 
cells vary in size and shape according to their posi- 
tion on the scale. 

In several respects the Rajmahal specimens 
resemble the fossil species Araucaria mirabilis 
( 5968.) Calder and the living species A. Bidwillii 
Hook. 


INTRODUCTION 


Araucariaceae have so far been known 

only from impressions. The vegetative 
remains have been described under the 
name Araucarites latifolius Fst. by Feist- 
mantel (1882) from Bansa near Chandia 
(S. Rewah), Jabalpur stage. The fertile 
remains are represented by detached cone- 
scales described as Araucarites cutchensis, 
A. macropteris, and Araucarites sp. and a 
cone known as Ontheodendron Florini. A. 
cutchensis was first described by Feistmantel 
(1876, p. 62) from Kukurbit in Kach 
( Umia stage ). He also described A. macrop- 
teris ( FEISTMANTEL, 1877, p. 24) from 
Golapili near Ellore in Madras ( Rajmahal 
stage ). Both these species were later re- 
ported from Kota stage ( FEISTMANTEL, 
1879, pp. 197-98, 218) and Jabalpur stage 
(idem, 1877a). Araucarites sp. and On- 
theodendron Florini were the first araucarian 
remains described from the Rajmahal Hills 
by Sahni and Rao in 1933. 

The only other Indian araucarian fossils 
known to the author are well-preserved 
impressions of cone-scales ( unpublished ) col- 
lected by Dr. K. R. Mehta and Mr. C. G. K. 
Ramanujam and by Mr. S. C. D. Sah from 
the Rajmahal Hills. 


I: India the fossil plants belonging to 
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Silicified araucarian remains comprising 
seed-cones, seed-scales, twigs and multi- 
nerved leaves have been discovered from 
India for the first time by the author. 
Only the seed-cones and seed-scales are 
described in this paper. To start with the 
fossil cone was thought to be a mere cast 
and was described as such in a brief report 
on the material already published ( VISHNU- 
MITTRE, 1953 ). 

Locality — The material described in this 
paper was discovered by the author in 1950 
from a cherty boulder from recently dis- 
covered Bindrabun ( Brindabun ), 4 miles 
north of Tinpahar, in the Rajmahal Hills. 
The boulder was found lying astray near 
the foot of the southern face of the hill at 
Bindrabun ( Brindabun ). This locality is 
different from Bindrabun, the famous loca- 
lity from which Oldham and Morris (see 
FEISTMANTEL, 1880, p. x ) described most of 
the plant remains. 

The locality Bindrabun abounds in silici- 
fied wood and leaf impressions. Huge logs of 
wood several feet in length and 15-20 ft. in 
girth occurin groups at several places. Nume- 
rous fossil stumps are still seen standing 
there in situ. Cherty boulders either greyish 
white or reddish brown in colour are also 
very common. Fossil twigs predominate 
in these cherts. Other plant organs, i.e. 
leaves, shoots, fruits and seeds, are scarcely 
noticed. 

Preservation and Technique — The fossil 
cone embedded in the chert is completely 
silicified. Maceration with hydrofluoric acid 
to recover cuticles or preparation of peel 
sections did not meet with any success. 
The specimen was sliced and microscopic 
sections prepared to study the anatomical 
details. On the whole preservation of tis- 
sues is good. The sections were stained 
with safranin but the response of the tissues 
to the stain was very poor. The sections 
have been mounted in dilute glycerine be- 
cause the organic remains become trans- 
parent when mounted in Canada balsam. 
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Text-Fic. 1 — Longitudinal section of the cone-axis showing the vascular supply to the bract scale 


(bs) and fertile scales (fl x f2). x 10. 


DESCRIPTION 
CLASS — CONIFERALES 
FAMILY — ARAUCARIACEAE 
GENUS — Araucarites Presl. 


Araucarites bindrabunensis sp. nov. 


The species is based on two specimens 
of cones, one fairly complete (Pı. 1, 


Fic. 1A) and the other a small portion 

Pr. 1, Fic. 1B), and some stray cone- 
scales. The specimens are embedded in 
the rock matrix of greyish colour and are 
silicified. The complete megastrobilus mea- 
sures 7:5 cm. in length and 4-4 cm. in breadth. 
It seems to have been silicified before the 
shedding of its scales. The other cone 
(Pr. 1, Fic. 1B) consists of a small portion 
of an axis bearing three scales. Examina- 
tion from the other side of the block shows 
that this axis is attached to a small twig. 
It appears that these three scales borne by 
the axis are the remnants of a dehisced cone. 

The cone-axis — The cone axis (PL. 1, 
Fic. 5a; TEXT-FIG. 1) is about 1 cm. in 
diameter. In longitudinal section it shows 
a fairly wide pith, about 5-6 mm. in diameter. 
The pith is surrounded by a ring of separate 
vascular , bundlés, (PE 2; Fie. 8, Lex: 
FIG. 1). The pith does not contain any 
sclereids, branched or unbranched, but a 
mucilage duct ( PL. 2, Fic. 8, md ) is present. 


The vascular bundles in the cone-axis 
in the only longitudinal section available 
( TEXT-FIG. 1) are more or less obliquely 
cut. The primary xylem is not seen. 
Phloem is not preserved. In between the 
vascular bundles the medullary rays are 
very well preserved. 

The pitting in the tracheids is not well 
preserved. However, at some places scalari- 
form pitting is visible. Pits in the radial 
walls of the tracheids are rather obscure 
and appear to be uniseriate or biseriate and 
contiguous. 

It is not possible to trace the vascular 
supply of the seed-scale complex for want 
of more material. Comparing the longi- 
tudinal section of the cone-axis of our 
specimen (TEXT-FIG. 1) with the figures 
of the cone-axis of Avaucaria mirabilis as 
given by Miss Calder ( CALDER, 1953, p. 113; 
TEXT-FIG. 2 A-F ) it is possible to make out 
something of the nature of the vascular 
supply in the Rajmahal specimen. Fertile 
scale supply seems to arise by the fusion 
of the two strands, fl and f2 ( TEXT-FIG. 1), 
one from each vascular bundle coming off 
separately from each side of the leaf gap. 
Nothing beyond this is traceable of the 
vascular supply. If the observation made 
here is correct, then the seed-scale complex 
receives two vascular bundles. The cross- 
sections of the seed-scales from base to apex 
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TEXT-FIGS. 2-4 — 2, L.S. of a scale showing the ligule (L) and the prolonged tip. x 10. 
x 10. 
endosperm (END) and embryo (EMB). x 25. 


scale showing the attachment of the ligule (L). 
ment (INT), 


were cut but the vascular bundles were not 
found preserved. 

The Cone-scales — The scales (PL. 1, 
Fic. 4), measuring 01.8 x 0-9 cm. in the 
broadest part, are borne closely and spirally 
on the cone-axis. The scales are woody 
and wedge-shaped. The expanded distal 
part ends in a tip 3-5 mm. long (PL. 1, 
Fic. 7; TEXT-FIG. 2); proximally the scale 
gradually tapers towards its junction with 
the axis. The scales bear on their surface 
faint rib-like markings extending from the 
base towards the distal margin (PL. 1, 
Fic. 1). The margin on either side of the 
scale is expanded in the form of thin wings 
(Pr. 1, Fic. 6). The expanse of the wings 
narrows down towards the proximal end of 
the scale. The cone-scales are ligulate 
ile IiGSs.uO, 7. TEXT-FIGS./ 2,33). 

The epidermis of the scale and of ligule 
(Pr. 2, Fic. 9) is made up of thick cross- 
walls and in section where the epidermis 
is imperfectly preserved these thick cross- 


END 


3), LS: of a 
4, cross-section of a seed showing the integu- 


walls show as if the edge of the scale was 
spiny. The epidermis of the ligule in several 
sections seems to be very closely fused with 
the epidermis of the scale and the thick 
cross-walls of one are interlocked into those 
of the other and alternate with one another. 

The hypodermis ( Pr. 2, Fic. 9) consists 
of 2-3 layers of rounded cells. In between 
the upper and lower hypodermal layers the 
cells are very small and indistinctly pre- 
served. The anatomy of the wing (Pr. 2, 
Fic. 10) is exactly similar to that of the 
scale. The vascular bundles in the scale 
as well as in the wing are not underlain by 
resin cells. 

The Ligule — The ligule, like the scale, 
is also woody. The ligule is attached 
(Pr. 1, Fic. 6; TEXT-FIG. 3) only in its 
middle to the adaxial surface of the scale 
and is freely prolonged both towards the 
distal and the proximal ends of the scale. 
It is undivided at its distal end. The ligule, 
like the scale, receives the vascular supply. 
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TEXT-FIGS. 5, 6 — Cross-sections through cone-scales showing the vascular supply in the ligule (L) 


and scale. W=wing. x 5. 


The vascular bundles in the ligule are in- 
verted and like those of the scales are not 
underlain by any resin cells ( Pr. 2, Fic. 9; 
TEXT-FIGS. 5, 6). 

The Seed — There is a single seed ( PL. 1, 
Fic. 4) per scale. It is embedded on the 
adaxial face of the scale and in the fossil 
lies free in its cavity. The seed is cylindrical 
and measures 1-3-0-35 cm. It is inverted 
and gradually tapers towards the micropylar 
end. On breaking the specimen in the field 
several seeds were detached and fell off. A 
seed was later removed from one of the 
scales and ground from its distal end to 
study its anatomy. 

The integument (TEXT-FIG. 4) of the 
seed is probably three-layered — thin outer 
and inner layers and a stony middle layer. 
The inner thin layer is followed by the 
endosperm which encloses the embryo. 

The Cuticle— It has only been possible 
to study the cuticle from the upper surface 


of the seed-scale. Attempts to study the 
cuticle from the lower surface of the scales 
by serial grinding and examining the mate- 
rial and also by macerating the scale-bearing 
material with hydrofluoric acid did not meet 
with success. 

The cuticle from the upper surface of the 
seed-scale is devoid of stomata. 

The epidermal cells from the upper surface 
of the distal portion of the scale are several 
times longer than broad, quadrangular, 
arranged in regular rows with the 
long axis parallel to the length of the 
scale. 

The epidermal cells on the upper surface 
of the wing (PL. 2, Fic. 11) are irregular 
in shape and variously orientated. There 
also occur groups of similarly orientated 
cells lying more or less obliquely or at right 
angles to the neighbouring cells. The cells 
on the periphery of the wing are larger and 
in regular rows ( PL. 2, Fic. 12). 
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Diagnosis— Megastrobilus ellipsoid, 7-5 cm. 
long, 4-4 cm. in diameter. Cone-scales, 1:8 x 
0-9 cm., numerous, closely arranged round 
the axis; woody, winged, produced into a tip 
3-5 mm. long. Ligule 6-7 mm. long and 
woody. Seed single, cylindrical, 1-3 x 0-35 cm., 
inverted, detachable. Integument probably 
three-layered, middle stony and the outer and 
inner thin. Cone-axis 1 cm. thick with a pith 
5-6 mm. wide, no sclereids. Mucilage ducts 
present ; vascular supply of the cone-scale pro- 
bably double; the bract trace single, the fertile 
scale supply made up of two strands, each 
arising from either side of the leaf gap. 
Resin cells absent from below the vascular 
bundles in the scale and ligule. Stomata 
absent from the upper surface of the seed- 
scale. Epidermal cells on the distal portion 
of the upper surface of the scale longer and 
arranged in parallel rows along the length 
of the scale. Epidermal cells on the wing 
irregularly shaped and variously orientated. 


DISCUSSION 


The chief interest of the present paper 
lies in the fact that it serves as the first 
record of araucarian remains from India of 
which the anatomy has been studied. So 
far our knowledge of the araucarian remains 
from India was limited to impressions only. 
The structural details of the megastrobilus 
have helped a great deal in tracing its 
affinities. 

The specimens described here have no- 
thing whatsoever to compare with the 
impressions of Ontheodendron Florini, the 
only other fossil araucarian cone known 
from India. 

In size and general outline the cone-scales 
of the present material approach Araucarites 
cutchensis more than A. macropteris. These 
comparisons cannot be stretched any further 
since the anatomy of A. cutchensis is not 
known. 

Petrified megastrobili have been described 
from the petrified forest in Patagonia by 
Spegazzini ( 1924), Gothan ( 1925 ), Wieland 
(1935 ), Darrow ( 1936 ) and Calder ( 1953 ) 
Calder (1953, p. 110) described under the 
name Araucaria mirabilis ( Spegazzini) the 
petrified araucarian cones which were pre- 
viously described under different names such 
as Araucarites mirabilis Spegazzini, Arau- 
caria Windhauseni Gothan, Proaraucaria 
mirabilis (Speg.) Wieland, Proaraucaria 
patagonica Wieland, P. elongata Wieland, 
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P. mirabilis var. minima Wieland and Arau- 
caria mirabilis ( 5968.) Windhauser, 

In the origin of the vascular supply of the 
cone-scale from the axial stele, the size and 
nature of the wing of cone-scale and that of 
the ligule and its vascularization, etc., the 
silicified specimen described here resembles 
the cones of Araucaria mirabilis, 

However, it differs from A. mirabilis in 
the longer scales and seeds, in the absence 
of sclereids and the presence of mucilage 
ducts in the pith and the absence of the 
resin cells from below the vascular bundles 
of the scales and the ligules. Another point 
of difference noted from A. mirabilis is the 
dehiscence of the individual scales and the 
seeds in A. bindrabunensis which according 
to Calder (1953, p. 112) may not be a 
distinct feature, but “ may well be explained 
in term of the season in which the forest was 
overwhelmed ”. Further, the cuticle of the 
cone-scales of A. mirabilis is unknown. 

The cuticle of fossil araucarian cone-scales 
is known only in three cases, viz. a Jurassic 
species Araucarites phillipsi Carr. ( KENDALL, 
1949, pp. 154-58) and two Tertiary species 
Araucaria lignitict Cookson and Duigan and 
Agathis Yellourensis ( COOKSON & DUIGAN, 
1951, pp. 428-41). In the absence of the 
complete knowledge of the cuticle from both 
the upper and the lower surfaces of the 
seed-scale in A. bindrabunensis, it is futile 
to make cuticular comparisons with any 
of the fossil and living species of Araucaria. 
However, it is interesting to note that the 
epidermal cells on the distal region and on 
the wing of the cone-scales of A. bindra- 
bunensis are very much comparable to the 
epidermal cells of the corresponding regions 
on the cone-scales of A. lignitici ( COOKSON & 
Dviean, loe.ccit., ps 429 PL. 3. ae. 24): 

Calder (1953, pp. 116, 118) compares 
A. mirabilis with the living species of A. 
Bidwillii which belongs to the newly created 
section Bunya (WILDE & Eames, 1952, 
p. 44). Resemblance of A. bindrabunensis 
is also noted with this living species in the 
presence of woody wings, the dehiscent 
nature of the scales and seeds and in the 
vascular supply of the ligule. The vascular 
supply of the ligule is not found in any 
other living or fossil species of Avaucaria 
except A. Bidwillii ( WILDE & Eames, 1948, 
p. 322) and A. mirabilis ( CALDER, loc. cit.). 
The nearest living relation of Araucaria 
bindrabunensis is the Queensland ‘ bunya 
bunya’, A. Bidwillit. A. bindrabunensis may, 
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therefore, be an extinct species of the section 
Bunya to which A. Bidwillır belongs. 

There are no araucarias to be found 
growing wild in India today; Agathis loranthi- 
folia has, however, been reported by Hooker 
( Biswas, 1933, p. 43) from Malaya Penin- 
sula. The present investigation shows that 
the Jurassic vegetation of India had a 
fair representation of Araucariaceae which 
has become extinct now. 
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EXPLANATION OF PLATES 


All photographs from untouched negatives. 


PLATE 1 


1. The block of the chert with two cones (A) and 
(B). Nat. size. 

2 & 3. Counterparts of the cone in Fig. 1(A). 
Nat. size. 

4. Cone-scales with embedded seed in one scale 
enlarged from Fig. 3. x 4. 

5. A piece of the block showing a part of the 
magastrobilus cut in oblique longitudinal section 
and a part of another megastrobilus ; a = cone-axis. 
x Nat. size. 

6. Cross-section through a scale showing ligule 
(1) and wings (w). x 6. 

7. L.S. of the cone-scale showing the ligule 
(1) and the prolonged apex of another scale shown 


in the lower left-hand corner of the photograph. 
2303९ 


PLATE 2 


8. Cross-section through a part of the cone-axis 
showing the vascular bundles and a mucilage duct 
(md) 6 5205 

9. A part of the cross-section of a scale showing 
anatomy of the scale and the ligule and the vascular 
bundles in the ligule (vb). x 40. 

10. A cross-section of a part of the wing showing 
the anatomy. x 30. 

11. Cuticle of the lateral wing. x 62. 

12. Cuticle from the upper surface of the seed, 
showing long, narrow epidermal cells. x 62. 
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AN HISTORICAL OUTLINE OF INDIAN PALAEOBOTANY 


RAJENDRA N. LAKHANPAL 
Birbal Sahni Institute of Palaeobotany, Lucknow 


EARLY HISTORY 


can be traced as far back as 1828 

when Adolphe Brongniart described a 
few fossil plants from this country in his 
well known Prodrome and the encyclopaedic 
Histoire des vegetaux fossiles. The next 
available record is the figures of some 
fossils included by J. F. Royle in his Z/ustra- 
tions of the Botany and Other Branches of 
Natural History of the Himalaya Mountains. 
These fossils were later re-examined by 
E. A. N. Arber (1901) who also described 
some Lower Gondwana plants from India 
in his monograph on the Glossopteris flora 
published in 1905. Numerous references 
to fossil plants are contained in the earlier 
volumes of the Journal of the Asiatic Society 
of Bengal, while some also occur in European 
journals like the Quarterly Journal of the 
Geological Society of London and the Geo- 
logical Magazine. However, most of our 
knowledge of the earlier history of Indian 
palaeobotany is derived from the publica- 
tions of the Geological Survey of India 
which was founded in the middle of the 
nineteenth century. 

The first publication of the Survey to 
include descriptions and figures of some 
Indian plant fossils was McClelland’s Report 
of the Geological Survey of India for the 
Session 1848-49. Ever since then, palaeo- 
botanical material from all over the country 
started accumulating in the collections of 
the Survey as a result of its ceaseless activity. 
The material could be divided into two 
broad groups, one belonging to the Gondwana 
system and the other to post-Gondwana or 
Tertiary and post-Tertiary age. 

So much material of the Gondwana Flora 
had been collected in the early days that 
by 1886 four volumes of a monumental 
work entitled the Fossil Flora of the Gond- 
wana System were published (OLDHAM & 
Morris, 1863; FEISTMANTEL, 1876-86), main- 
ly due to the untiring labours of Ottokar 
Feistmantel. The collections that formed 
the basis of this work were made by the 
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Geological Survey in different parts of penin- 
sular India. Subsequently, additions to 
these collections were made not only from 
the peninsular but also from the extra- 
peninsular India. Noetling in 1902 found 
a Lower Gondwana locality near Srinagar, 
Kashmir, from where important collections 
were made by Hayden and Middlemiss. 
Middlemiss also discovered a number of 
other localities in Kashmir containing plants 
of the Palaeozoic age. 

With the increase in the knowledge of 
fossil plants and the many additions to the 
Gondwana material after the completion of 
Feistmantel’s work, it was realized that his 
descriptions and interpretations needed revi- 
sion. This was done in Europe chiefly by Pro- 
fessor Zeiller at Paris ( ZEILLER, 1902) and 
by Professor Seward at Cambridge, who, in 
collaboration with Professor Sahni, published 
a revision of the more important Indian 
Gondwana plants ( SEWARD & SAHNI, 1920 ) 

Besides the Gondwana fossils, large col- 
lections of Tertiary and post-Tertiary plants 
were also added to the collections of the 
Geological Survey of India. Numerous ref- 
erences to these are found scattered in the 
Records and Memoirs of the Geological Survey 
from the earliest volume onwards but no 
detailed work on them was carried out. 
They included petrified woods and im- 
pressions of leaves, fruits and seeds. They 
came from the Karewa deposits of Kashmir 
( GoDwIn-AUSTEN, 1864) and from the 
Tertiary beds of Punjab, Sind, Baluchistan 
(H. B. MEDLICOTT, 1864; FEISTMANTEL, 
1882; PrrGriM, 1908), Assam and Bombay 
Presidency (WYNNE,1868, 1869; W. T. BLAN- 
FORD, 1872). In the Central Provinces 
(now known as Madhya Pradesh ) petrified 
plants of the Deccan Intertrappean series 
were collected during the middle of the last 
century chiefly by Christian missionaries, 
medical men and military officers in the 
service of the East India Company. Among 
these men Stephen Hislop was the most 
outstanding contributor. Unfortunately some 
of his interesting material can no longer be 
traced. 
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REVIVAL AND ORGANIZATION OF 
INDIAN PALAEOBOTANY IN THE 
PRESENT CENTURY 


After the retirement of Feistmantel in 
1885, palaeobotanical research in India came 
to an end, aiid plant fossils collected by the 
Geological Survey were sent to Europe for 
investigation. The revival of the science 
took place on the return of Professor B. 
Sahni from Cambridge in 1919. Inspired by 
his teacher, Sir Albert Seward, he took up 
palaeobotanical research in India with great 
enthusiasm. In fact, the progress of palaeo- 
botany in India in the present century is 
entirely due to him. In his presidential 
address to the Botany Section of the Eighth 
Indian Science Congress, he reviewed all 
the work in Indian palaeobotany prior to 
the year 1921. From then onwards his life 
was devoted wholly to the development of 
palaeobotany in this country. Lucknow, 
where his name attracted students from all 
parts of India, became a famous centre of 
palaeobotanical study. Before Professor Sahni 
the plant fossils in India were studied more 
from a geological point of view, as evidences 
in the stratigraphy of sedimentary rocks. 
He pursued their study also from a botanical 
angle to gain knowledge of their structure 
and the light they threw on the problems 
of evolution in the plant kingdom. In 
addition to describing a large number of 
new fossil plants chiefly from the Rajmahal 
hills and the Deccan Intertrappeans, he 
made important observations on the palaeo- 
geographical and geological questions such 
as Permo-Carboniferous life provinces, 
Wegener’s theory of continental drift, Hima- 
layan uplift and the eastward opening of 
the Himalayan geosyncline. He brought 
forth important evidence of plant fossils in 
favour of the Tertiary age of the Deccan 
Intertrappean beds. His last and a very 
significant contribution was the discovery 
of a new group of gymnosperms named 
“Pentoxyleae’”’ based on plant remains 
from the Rajmahal series*. 

Committee of Palaeobotany in India — The 
advances in Indian Palaeobotany from 1921 
to 1938 were reviewed by Professor Sahni 
in his presidential address to the Botany 
Section of the 25th Indian Science Congress 
at Calcutta (SAHNI, 1938). About this time 


*A bibliography of Professor Sahni’s publications 
is given in The Palaeobotanist, Vol. I ( Birbal Sahni 
Memorial Volume ), pp. 56-59, 1952. 
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the number of active workers in palaeo- 
botany had increased so much that their acti- 
vities needed co-ordination. This was done 
in 1939 by the formation of a Committee 
of Indian Palaeobotanists with Professor 
Sahni as the convener. 


titled Palaeobotany in India of which the 
first number appeared in 1940. 


1953. 
The Palaeobotanical Society and the Birbal 
Sahni Institute of Palaeobotany — As early as 


1929 Professor Sahni wanted to place palaeo- | | 
botanical research in India on an organized | 
basis, and to establish a museum of fossil | 


plants at a suitable centre. He approached 
the Government of India for financial aid 
but without success. Ultimately he decided 
to start this project with his own private 
resources. On 19 May 1946 with seven 
other members of the Committee of Indian 
Palaeobotanists he founded a Palaeobotanical 
Society. On 3 June a trust bearing that 


name was created to which Professor and | 


Mrs. Sahni donated their private funds and 
immovable property, a reference library 
and fossil collections. The trust was charged 
with the foundation of a research institute 
having a broad international outlook for 
carrying on original research in fossil botany. 
By a resolution passed on 10 September 1946 
the Governing Body of the Society estab- 
lished an Institute of Palaeobotany with 
Professor Sahni as its Honorary Director. The 
foundation-stone of the new building of the 
Institute was laid on 3 April 1949 by 


Shri Jawaharlal Nehru, Prime Minister of | | 


India and Minister for Scientific Research. 
Only a week later Professor Sahni had a 
severe heart attack, and breathed his last 
on 10 April 1949. Ever since then the 
Institute, 
as Birbal Sahni Institute of Palaeobotany, 
is being looked after by Mrs. 
Sahni, co-founder and President of the 
Palaeobotanical Society. 
active centre of palaeobotanical research in 
the country. 


The Palaeobotanist — One of Professor | 
Sahni’s aims in founding the Institute was 
publication of a journal of palaeobotany. Un- | 


fortunately he could not live to see it done. 


After his death the Institute started pub- । 


lishing a journal called The Palaeobotanist 
of which the first issue appeared in 1952 in 
the form of Sahni Memorial Volume. 


The committee | 
started publishing a periodical report en- | 


The latest ||| 
report, No. VIII of the series, appeared in ||} 


aptly known after its founder | | 


Savitri ||! 


It is the most | 
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RECENT STUDIES 


Morphological Aspect — From the phyto- 
morphological viewpoint, palaeobotanical re- 
search in India at present embraces several 
horizons from the Carboniferous to the 
Pleistocene. In the Palaeozoic and Mesozoic, 
the fossils studied are from the Gondwanas. 
Until recently there was not much informa- 
tion available about the Lower Gondwana 
Glossopteris flora of India. As a result of 
intensive search numerous impressions and 
compression of leaves and fructifications 
have been collected and are being studied 
at Birbal Sahni Institute of Palaeobotany. 
One of the best-known floras of India is the 
Jurassic of Rajmahal Hills. Still, the fresh 
material collected from these beds is fur- 
nishing new data and adding to our knowl- 
edge of this flora. Calcareous algae have 
been described from the uppermost Creta- 
ceous beds in South India and from the 
early Tertiary beds from several other 
places. Excepting the rich flora from the 
Deccan Intertrappean series not much is 
known about the Tertiary floras of India, 
but it is receiving greater attention of the 
workers. Petrified woods have been col- 
lected and studied from South India. Woods 
and leaf-impressions are also collected and 
partly studied from Assam. New leaf- 
bearing localities are reported in the Siwalik 
system. A rich flora has been described 
from the Pleistocene of Kashmir. There 
are not many sub-Recent deposits of palaeo- 
botanical interest in India, but attempts are 
being made to investigate the few peat 
deposits reported from the Nilgiri Hills and 
the Gangetic delta. 

Plant Microfossils — In 1937, under Pro- 
fessor Sahni’s guidance, Miss C. Virkki (now 
Mrs. K. Jacob) examined the microfossils 
in some lower Gondwana rocks of India and 
Australia. This resulted in important ob- 
servations and may be regarded as the 
beginning of micropalaeobotanical studies 
in India. The study of plant microfossils 
was employed by the Burmah Oil Company 


(India) Limited, with a view to correlating 
the Tertiary beds of Assam associated with 
oil-bearing strata. The work was carried 
out at Lucknow under the guidance of Pro- 
fessor Sahni during the years 1943 to 1946. 
In 1943 Professor Sahni examined microfossils 
from the Saline Series of the Salt Range, 
Punjab. On the evidence of the micro- 
fossils, he regarded the age of the Saline 
Series to be Tertiary. Microfossil examina- 
tion was also taken up in a scheme for the 
Measurement of Geological Time sponsored 
by the Council of Scientific & Industrial 
Research. This work was started in 1947 
under Professor Sahni and is being continued 
at the Institute. A number of workers at 
other places in India are also engaged in 
the study of microfossils. 

Palaeobotany of Coal — The first micro- 
scopic examination of Indian coal was 
carried out about thirty years ago by 
Lomax. In 1932 Banerji published the 
results of a detailed examination of some 
Gondwana and Tertiary coals from India. 
Besides examining thin microscopic sections 
he also macerated the specimens and studied 
their microfossil contents. The importance 
of microfossil examination in the correlation 
of coal seams in India was indicated by Pro- 
fessor Sahni in 1940. Since then Chatterjee, 
Sen and Ghosh have studied microfossils 
from coal seams of various ages. This 
work was also started at Birbal Sahni 
Institute of Palaeobotany in 1949. Since 
1952 a systematic survey of Indian coals 
has begun at the Institute under a scheme 
“ Palaeobotanical Investigations of Indian 
Coals’? sponsored by the Council of Scienti- 
fic & Industrial Research. 

Palynology — In India palynology is in 
its nascent stage. Although the importance 
of this study in India was pointed out by 
Professor Sahni in 1948, it has been possible 
to start systematic work on Indian pollen 
only since June 1953. It is being carried on 
at the Institute under a scheme financed 
by the Council of Scientific & Industrial 
Research. 
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ON SOME LOWER GONDWANA MEGASPORES AND SEEDS 
FROM MANGARDAHA COAL, WEST BOKARO, BIHAR 


P. N. SRIVASTAVA 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


This paper deals with the description of four new 
types of megaspores and one seed. The author 
also suggests a change in the nomenclature of some 
species of megaspores described in the previous 
paper ( SURANGE et al. 1953). 


INTRODUCTION 


EGASPORES from the Mangardaha 
M coal have been previously described 
( SURANGE et al., 1953 ). As this coal 
was found to be very rich in megaspores, it 
was macerated again and some new forms, 
along with those already described have been 
recovered. A few isolated seed-like bodies 
have also been found in this coal. 

Out of four new types of spores described 
in this paper, two are assigned to the genus 
Triletes ( Reinsch ) emend. Schopf, and the 
remaining two, in the absence of definite 
characters, are described under the form 
genus Sporites H. Potonié emend. Schopf. 
Seeds are being described under the heading 
““Semina Incertae Sedis’’, because they 
cannot be assigned to any particular group 
on account of their isolated nature. In order 
to give them a taxonomic status, they are 
being provisionally included in the form 
genus Spermatites Miner (1935). Although 
Miner instituted this genus to include seed- 
like bodies from the Cretaceous coals, I 
agree with Arnold ( 1948 ) that the term may 
be extended for other seeds and ovules also. 


DESCRIPTION 
Genus Triletes ( Reinsch ) emend. Schopf 


Triletes Savitrit sp. nov. 
(Pl. 1, Fig. 1) 


Spore roundly triangular in shape, golden 
yellow in colour. Spore wall thick, measur- 
ing nearly 15 u. Inside the spore is seen a 
reddish brown roughly triangular body, 
measuring 325x290 (५. This body has a 
very clear triradiate suture. The rays of 
the triradiate suture extend to the rounded 
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angles of the inner body up to the margin, 
measuring about 190 y. Arcuate lamellae 
conspicuous, measuring nearly 20 u in width. 
The surface ornamentation of the spore looks 
to be finely reticulate. The overall measure- 
ment of the spore is nearly 650x585 u. 

My specimen compares favourably with 
Triletes gymnozonatus Schopf (1938) in its 
size, length of the triradiate rays, presence 
of shrunken endospore(?)-like body, and 
reticulate ornamentation of the spore coat. 
But it strikingly differs from Triletes gymno- 
zonatus in having very conspicuous arcuate 
lamellae, distinct triradiate mark, slightly 
thinner spore coat and smooth surface of the 
inner body. 

My spore also compares with a figure of 
Triletes triangulatus Zerndt, given by Schopf 
( 1938 ) in the size range and ornamentation 
of the spore coat, but differs from that in 
having no flange and a triradiate mark which 
is confined to the inner body only. 


Triletes Sitholeyi sp. nov. 
(Bb il, IEEE, &)) 


Spores roughly rounded in shape and 
yellowish brown in colour. Spore coat 
thick, measuring nearly 14 u. Triradiate 
mark not distinct. Arcuate lamellae quite 
prominent. Surface of the spore coat is 
studded with long, hirsute appendages, 
slightly pointed towards the apex and flat- 
tened at the base. A few long appendages 
measure as much as 70 u. in length and 14 u 
in breadth. The spore is 740x580 u, ex- 
cluding the appendages. 

These spores compare with Triletes globosus 
Arnold ( 1950 ), in the look of the appendages, 
and thick spore coat, but differ from them in 
having a bigger size, Triletes globosus ranging 
in size from 390 to 570 (५, obscure nature of 
the trilete marking and bigger size of the 
appendages. These spores also compare 
with Triletes tenuispinosus Zerndt (1934) 
in their approximate size and the look of the 
appendages but differ from them, in the 
obscure nature of the triradiate mark. 
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SPORAE INCERTE SEDIS 


Genus Sporites ( H. Potonie ) emend. Schopf 
Sporites sp. A. 
(Pl. 1, Fig. 4) 


Spore roundly triangular in shape, with a 
pyramidal apex, dark brown in colour. 
Triradiate mark not clear. Spore wall thick, 
measuring nearly 13 y. Spore coat orna- 
mentation is of the reticulate pattern. On 
changing the focus at the margin, there are 
seen very small, spiny appendages, measur- 
ing hardly 10 y in length. At the pyramidal 
end of the spore are seen three folds arranged 
regularly one below the other. These folds 
give a characteristic shape to the spore and 
have been found similarly arranged in all the 
specimens. These folds are more or less arc- 
shaped, measuring about 50 u. in thickness. 
The spore measures 637x546 u. 


Sporites sp. B. 
(Pl. 1, Fig. 5) 


Spore elongated, sac-like in shape, dark 
brown in colour. Spore coat somewhat 
thick, measuring nearly 12 u in thickness. 
Triradiate mark present, but not conspicuous. 
Rays are nearly 190 u long and 15 u broad. 
Arcuate lamellae faintly developed. Surface 
coat ornamentation is rugose to punctate. 
At the margin of the spore are seen hir- 
sute appendages, measuring 12 u in length 
and 3 uw in width. The spore measures 
660x445 u. 

Change in Nomenclature of Some Previously 
Described Spores — Some of the megaspores 
described in the previous paper ( SURANGE 
et al., 1953) under (1) Triletes arnoldii 
( Miner ) Harris, (2) Triletes litchi Harris, and 
(3) Triletes myrmecodes Harris compare re- 
markably well with the figures and descrip- 
tions of the above-named species, but as these 
species are of Mesozoic age, I feel that it will 
be correct if these spores are described under 
different specific names. The new names, 
therefore, proposed are as follows: 

(1) Trilete barakarensis, sp. nov. N.C. for 
my spores described under Triletes 
arnoldii ( Miner ) Harris 
Triletes damudicus, sp. nov. N.C. for 
my spores described under Triletes 
litchi Harris 
Triletes biharensis, sp. nov. N.C. for 
my spores described under Triletes 
myrmecodes Harris 


(2) 


(3 


— 
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I also change the specific name of Triletes 


pubescens described as a new species in the ||} 


previous paper (SURANGE et al., 1953) to 


Triletes Hoegii sp. nov. because a species of | 
similar name has been instituted before by ||] 
My spores previously des- ||| 
cribed under this name are very different | 


Dijkstra ( 1949). 


from the specimens of Dijkstra. This error 
was caused due to the non-availability of the 
literature cited above to the author at the 
time of sending the paper to the press. 


SEMINA INCERTAE SEDIS 


Genus Spermatites Miner 
Spermatites indicus sp. nov. 
(PL 2, Figs. 6-9) 


These specimens are pressed flat and oval 
in shape. In Fig. 6 is seen a seed cuticle, 
probably the outer coat of the seed. It is 
oval in shape and light brown in colour, 
measuring 1,105x 650 u in size. At some 
places, cellular structure is clear, the cells 
being rectangular, measuring nearly 60 u 
in length and 12 u in breadth. These cells 
possess more or less straight walls. 

The outermost seed coat is detachable 
as some other specimens were found to be 
devoid of this coat. They show a thin layer 
of cuticle probably belonging to the nucellus 
( Fic. 8). The cells of this cuticular layer are 
long and rectangular with wavy walls, some 
of them measuring nearly 72 y in length and 
24uin breadth. What should be a megaspore 
is seen as a round black body, measuring 
nearly 1 mm. (Fic. 8). The outer seed 
coat sometimes shows neck-like portion at 
the apical end (Fic. 7), the cells of which 
are arranged end to end. These cells are 
long and slender having thick wavy walls 
( Ic 

The only seeds described from the Lower 
Gondwana coal are those of Walkomiella 
indica Surange & Prem Singh (1953), but 
my specimens differ very much from them 
in size, structure of the cuticles and absence 
of micropyle. 


DISCUSSION 


Occurrence of megaspores in the Lower 
Gondwana rocks of India is fairly established 
now, but very few forms have been des- 
cribed so far. The greatest difficulty arises 
in the nomenclature and classification of 
these megaspores. The megaspores from 
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Lower Gondwanas have generally been as- 
signed to the genus Triletes, which, according 
to Schopf (1938, p. 18), is intended to include 
the isolated megaspores of probable lycopod 
affinity. Although a few of the Lower Gond- 
Wana megaspores compare remarkably well 
with some of the European and American 
species of Triletes, the majority of them are 
quite distinct from the European and Ame- 
rican types. This is to be expected since 
the two floras are essentially rather distinct. 
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However, for the present, the Lower Gond- 
wana megaspores are provisionally described 
under the genus Triletes. A large amount 
of data and detailed work is still required 
to classify them more satisfactorily. 
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EXPLANATION OF PLATES 


PLATE 1 
Megaspores from Mangardaha Coal 


1. Triletes Savitrii. x 100. 

2. Triletes Sitholeyi. x 100. 

3. Triletes Sitholeyi. x 100 (spore coat of one 
side only). 

4. Sporites sp. A. x 100. 

5. Sporites sp. B. x 100. 


PLATE 2 
Seed from Mangardaha Coal 


6. Spermatites indicus. x 100 ( outer seed coat). 

7. Spermatites indicus. x 100 ( cuticle of the outer 
seed coat with neck preserved at the apical end ). 

8. Spermatites indicus. x 50 (megaspore with 


nucellus cuticle attached ). 


9. Spermatites indicus. x 140 (cells of the neck 


region ). 
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PETRIFIED SPORES AND POLLEN GRAINS FROM 
THE JURASSIC ROCKS OF RAJMAHAL HILLS, BIHAR 


VISHNU-MITTRE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Forty-six types of spores and pollen grains have 
been described from the Nipania chert. They are 
classified in accordance with the classification 
suggested by Pant. Pteridophytic spores, cycado- 
phytic pollen grains and the winged grains of the 
conifers are more or less equally represented in the 
microflora. Among the pteridophytic spores are 
some types resembling the spores of modern Lyco- 
podium, Selaginella, Cyatheaceae and Schizaea. 
Megaspores are also described for the first time 
from the Jurassic rocks of India. The winged 
pollen includes two, three, and four-winged grains. 

Some new groups and sub-groups have been 
proposed in the classification suggested by Pant. 


INTRODUCTION 


described here were discovered from 

the Nipania chert in the Rajmahal 
Hills, Bihar. Some spores from the same 
chert have previously been described by 
Rao (1935, 1936 & 1943). The spores and 
pollen grains in the present paper have 
been classified in accordance with the 
classification proposed by Pant (1954). 
For some of the spore types which cannot 
be accommodated in any of the groups in 
Pant’s classification, new groups and sub- 
groups have been proposed. 


A (lee fossil spores and pollen grains 


MATERIAL AND METHODS 


The material of chert, collected by the 
late Professor Birbal Sahni and party in 
1948, was kindly given to me for inyestiga- 
tion by Dr. R. V. Sitholey. The chert is 
rich in plant remains, of which only the 
spores and pollen grains are described here. 
Owing to the highly silicified nature of the 
organic remains resulting in the failure of 
the maceration method attempted by Rao 
(1943 ) the present study is based only on 
thin sections of the chert. They have ac- 
quired a natural reddish brown stain due 
to the presence of iron oxides. No artificial 
staining was, therefore, needed. 

The material comes from Nipania near 
Dumurchir in the Amrapara district, Santal 
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Parganas, Bihar, and belongs to the Raj- 
mahal series. 


DESCRIPTION 


Phylum — Sporites 
Class — Rimales 
Sub-class — Tririmosa 
Group — Microsporites 
Division — Azonalesporites 
Sub-group — Laevigatisporites 


TYPE 1 
Pl. 1, Fig. 1 


Spore triangular in polar view, 38 u, 
angles markedly round, sides very much 
retracted. Exine laevigate. Tetrad scar ex- 
tending more than three-fourths of the 
radial distance to the spore-wall and bordered 
by a prominent ridge which follows the con- 
tour of the opening. Lips widely open. 

The specimens in Pl. 1, Fig. 2, and Text- 
figs. 1, 2, measuring 38, 35 and 30 u. respec- 
tively, are very similar to Type 1. Seven 
specimens present. 


TYPE 2 
Pl. 1, Fig. 4 
Polar view triangular, 32 u with round 
angles. Wall smooth with wrinkles. Trilete 
mark short, lips narrowly open. Two speci- 
mens present. 


TYPES 
PME 
Spore irregularly round to sub-triangular 
in polar view, 31 u. Wall thick and smooth. 


Arms of tetrad scar short and bordered by 
ridges. Single specimen present. 


Type 4 
Pl. 1, Fig. 5 
Spore sub-triangular in polar view with 


somewhat round angles, 60 u. Sides convex. 
Wall smooth, granular. Tetrad scar thin 
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TEXT-FIGS. 1-20 
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with long arms reaching the equator. Single 
specimen present. 


Type 5 
Pl. 1, Fig. 6 


Spore flattened into an oval shape, 56 x 
37 ». Wall thin and finely granular. Tri- 
radiate mark short, distinct, with the arms 
reaching less than half of the radial distance. 
Margin of the scar slightly ridged, scar slight- 
ly open. Two specimens present. 


TYPE 6 
Pl. 1, Fig. 7 
Polar view sub-triangular, 38x 28 (५, angles 
round. Wallthin and finely granular. Distal 


side slightly arched. Triradiate scar short 
and thin. Three specimens present. 


Sub-group — Camptosporites 


Tyres 
PL. 1, Fig. 8 
Spore oval, 58x37 u. Wall thin and 
flexuous or vermiculate. Trilete scar dis- 
tinct, only one arm of the scar seen in photo. 


Trilete long, closed, margins thin. Four 
specimens present. 


DYPE 2 
1a, 1 es © 
Spore spherical, probably tetrahedral in 
origin, 29 u. Wall flexuously dissected or 
vermiculate. The sculpturing of the exine 


differs from that in Type 1 in this group. 
Three specimens present. 


Sub-group — Tuberculatisporites 
Type 1 
Text-fig. 3 


Spore triangular in polar view, 22 p. 
Triradiate mark reaching the edge, closed, 


SPORES AND POLLEN GRAINS 119 
thin. Exospore finely nodulated. Two speci- 
mens present. 


Liratosporites —a new sub-group 


Trilete spores characterized by parallel 
and dichotomizing striations. The nearest 
to this in Pant’s classification is Peripleco- 
sporites which includes spores with interwoven 
ridges. This sort of ornamentation is differ- 
ent from the parallel and dichotomizing 
ridges or striations characterizing the spores 
included here. This distinguishing nature 
of the ornamentation of these spores neces- 
sitated the creation of a new sub-group 
Liratosporites for them. 


FYPEU 
PI. 1, Figs. 10, 14-16 


Spore triangular, 43 x 31 (५, angles round, 
sides retracted. Exospore striated, stria- 
tions ridged, dichotomized and asymme- 
trical. Triradiate scar distinct, extending 
up to the angles, closed with thinly ridged 
margins. 

Spore in (Pr. 1, Fic. 16) measuring 57 u 
is also similar except that the ridges are 
somewhat thicker and side wall straight. 
Ten specimens present. 


Sub-group — Periplecosporites 
Type 
Pl. 1, Fig. 26 
Spore small, 20 u, sub-triangular. Wall 


bearing interwoven projections. Single speci- 
men present. 


Sub-group — Chomosporites 
Type 1 
PI. 1, Fig. 27 
Spore more or less spherical, 19 x a 
Wall thickened by concentric rings. Irl- 
radiate mark present. Single specimen pre- 
sent. 


<— 


TEXT-FIGS. 1-17 — 1, 2, smooth-walled trilete spores. x 800. 
5, spore with spines. x 800. 
7, spore with reticulate wall. x 800. 
12, 13, 17, spores with a furrow splitting the body, into two longitudinal halves. x 800. 


4, spore with tubercles. x 800. 
x 800. 


x 800. 
grains with a single furrow. 


x 800. 


3, trilete spore with nodulated wall. 
6, 10, 11, 14-16, 19, 20, pollen 
8, 9, spores with spines. 
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Sub-group — Setosisporites 
TYPE, À 
Pl. 1, Fig. 13 
Spore spherico-triangular, 31 x 25. Wall 
bearing spines, 3-5 x 1-5 u, ends of spines 
blunt. Triradiate scar present. Fifteen speci- 
mens present. 


TYPE «2 
Text-fig. 9 


Spore sub-triangular, 54 x 41-25 u. Spines 
thin and short. Triradiate mark short and 
open. Two specimens present. 


TYPE 3 
Text-fig. 5 


Spore sub-triangular, 40 u, spines short 
and thin. Triradiate mark indistinct. This 
spore differs from the types above in form 
as well as the nature of the spines which are 
intermediary to those of the Types 1 and 2. 
Two specimens present. 


TYPE 4 

Text-fig. 8 
Spore sub-triangular, 14 yp. Spines very 
thin and fairly long, ending in thick heads. 


Triradiate mark not seen. One specimen 
present. 


Sub-group — Reticulatisporites 
LYEPAl 
Pl. 1, Fig. 17 
Spore sub-triangular, 28 u. Exospore 
bearing reticulate ornamentation. Reticula- 


tion ridged. Meshes penta or hexagonal, 
5x 10 u broad. Six specimens present. 


TYPE 2 
Pl. 1, Fig. 18 


Spore sub-triangular, 34 x 28 u, exospore 
bearing reticulate ridges. Meshes hexagonal, 
7x 10 u. This spore differs from the above 
in its triangular shape and narrower meshes. 
Two specimens present. 


TYPE 3 
Pl. 1, Figs. 19, 20 
Spore oval, 31 x 19 x, bearing reticulate 


ridges. Meshes hexagonal and 5 x 8 u broad. 
Two specimens present. 
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TYPE 4 
Pl 1..%105222023 


Spore triangular, 48 u. Angles round and 
sides incurved. Wall ornamented with reti- 
culation. Meshes irregular, narrow, 1-2 u 
broad. Tetrad scar indistinct. Three speci- 
mens present. 


TYPE 5 
Pl. 1, Fig. 21 
Spore oblong, 38 x 25 u. Wall thick and 
bearing a narrow and irregular network. 


Triradiate scar present. One specimen pre- 
sent. 


Lophosporites — a new sub-group 


Type 1 
Pl. 1, Fig. 12 
Spore triangular, 36 x 28 u. Wall sculp- 
tured with thick, small, rod-like projections, 
0-1 x 0-3 u, densely arranged. Triradiate 
scar indistinct. Two specimens present. 


TYrE72 
Pl. 1, Fig. 11 
Spore sub-triangular, warty, 16 x 12 u. 
Exospore bearing several large thick rod- 


like projections. Triradiate scar indistinct. 
Single specimen present. 


Typp 3 
Text-fig. 4 
Spore spherical, warty, 25 u. 


smaller than in Type 2. 
present. 


Projections 
Single specimen 


Group — Triletes 
Division — Azonotriletes 
Sub-group — Dictyotriletes 


TYPE 1 
Pl. 2, Fig. 34 


Trilete megaspore, 398 x 415 u, more or 
less spherical. Exine characterized by broad- 
meshed, ridged reticulation, meshes 33-2 x 
33-2 u, pentagonal. Below the broad- 
meshed reticulation, a reticulation of com- 
paratively much narrower meshes is there, 
meshes 6-8 y in diameter. Ridges extend 
outwards like blunt rods, 26 y long and 7 u 
thick. Trilete mark distinct and more or 
less wavy. Three specimens present. 
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TYPE 2 Reticulation of narrower meshes below the 


Pl. 2, Fig. 35 broad-meshed one absent. Wall of the 
meshes 7 u thick. Ridges extend outwards 
as pointed rods, 6-8 y long and 3-5 u thick. 
Trilete mark wavy and distinct. Single 
specimen present. 


Trilete spore, spheroidal, 220 u. Exine 
ornamented with broad-meshed, ridged reti- 
culation, meshes 16-6 x 33 u, pentagonal. 


25 ES 
En CY 
32 33 
36 


TEXT-FIGS. 21-36 — 21-31, pollen grains with two wings. 


x 800. 32-35, pollen grains with three 
wings. x 800. 36, pollen grains with four wings. x 800. 
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Sub-class — Monorimosa 
Group — Monoletes 


Pant (loc. cit., p. 53) classified group 
Monoletes into two sub-groups, viz. Azono- 
monoletes and Zonomonoletes. Azonomono- 
letes type of the fossil and living spores show 
so many different kinds of exine-patterns 
(Knox, 1938; SELLING, 1946) that Azono- 
monoletes as a sub-group may not prove 
suitable to include all such spore types. It 
is, therefore, proposed that the sub-groups 
Azonomonoletes and Zonomonoletes may be 
raised to the rank of divisions as in group 
Microsporites ( PANT, loc. cit., p. 50) and 
new sub-groups may be formed to include 
the different types of spores on their exine 
pattern. 


(i) Division — Azonomonoletes 
TYrE 
Pl. 1, Fig. 24 


(?) Azonomonoletes 


Spore bilateral, 53 x 37 u. Wall obliquely 
striated, striations thick, broad and dicho- 
tomizing. Single specimen present. In 
Pant’s classification no provision has been 
made for the spores ornamented with paral- 
lel and dichotomizing striations. Though 
the scar of dehiscence is nowhere to be seen 
in this type of spore, yet the affinities of the 
type specimen based upon the shape and 
the ornamentation are comparable with the 
modern genus Schizaea, the spores of which 
have a single slit of dehiscence. I feel a 
new sub-group should be created for includ- 
ing such types. 


Laevigatimonoletes — a new sub-group 


Smooth-walled spores with a median slit 
splitting the spore body into two valvular 
halves. 


TYPE 1 
Pl. 1, Fig. 28 


Spore oval, with narrow ends, 53 x 25 u. 
Wall smooth, dehiscing by a single median 
slit splitting apart the spore into two val- 
vular halves. Text-figs. 12, 13, 17 and 18 
have similar spores with smooth walls. Six 
specimens present. 
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TYPE 2 
Pl. 1, Fig. 25 


Spore oval, 78 x 28 u, with both ends | 
round. Wall characterized by pseudomeshes. 
A single slit of dehiscence present. Four 
specimens present. 


(ii) Division — Zonomonolete 
Crassizonomonoletes, a new sub-group 


Monolete spores with a thick wing-like ex- 
panse. 


Type 1 
Pl. 2, Fig. 36 


Spore spherical, 80 u, with a thick wing- 
like expanse, 20-25 u broad. Wing notched 
at two opposite points. Dehiscence scar 
single, widely open. Single specimen present. 


Ciass — Irrimales 


It is suggested that the sub-groups 
Azonaletes and Zonaletes ( PANT, loc. cit., 
p. 53) may also be raised to the status of 
divisions under class Irrimales for the 
similar reasons as given above for group 
Monoletes. 


(i) Division — Azonaletes 
Dictyoaletes — a new sub-group 


Alete spores characterized by reticulate 
ornamentation. Several of the spores ex- 
amined showed that there was no slit of 
dehiscence. This alete nature characterized 
by the ornamentation of the wall necessitated 
the creation of another sub-group Dictyo- 
aletes. 


Type 1 
12], 2, Eies237,38 


Spores bilateral, oval, 120-137 x 110-120 LL. 
Wall ornamented with reticulate ridges. 
Meshes pentagonal to hexagonal (PL. 2, 
Fic. 38), 8-9 u broad forming an outer 
border in optical section ( Pr. 2, Fic. 37) 
Ten specimens present. 


TYPE 2 
Text-fig. 7 
Spore spherical, 26-25 u. Wall broadly 


reticulate, meshes unridged. Two speci- 
mens present. 
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Laevigataletes — a new sub-group 
Alete spores with smooth walls. 
Type 1 
Pl. 2, Fig. 39 


Wall smooth. 
Six specimens 


spore: spherical, 12:5 u. 
Spores seen in groups of two. 
present. 


TYPE 2 
Pl. 2, Fig. 40 


Spore spherical, 18-20 [५ seen in sectional 
view. Wall thick and marked by folds. 
Spores occurring in groups. Several speci- 
mens present. 


TYPE 3 
Pl. 2, Fig. 41 


Spore spherical, 19 u. Wall smooth and 
without any folds. Several specimens pre- 
sent. 


(ii) Division — Zonaletes 
PE dl 
PI. 2, Fig. 42 


Spore spherical, 84x80 u, with a wing- 
like expanse 10 „u in breadth. Wall thick 
and smooth. The spore appears to be 
surrounded all round by a narrow expanse 
of a wing with a slightly irregular periphery. 
Wing is dense. No dehiscence scar is noted. 
One specimen present. 


12 Qi IE, 1 IN| (Ce RN WINES 


Phylum — Poilenites 
Class — Aporosa 
Group — Saccata 
Sub-group — Pityosporites 


The two-winged pollen grains are des- 
cribed under the species, Pityosporites nipa- 
mica Rao. 


Pityosporites nipanica Rao 
Pl. 2, Figs. 43-46; Text-figs. 21-24; 26-28 


Pollen grains with two sac-like swollen 
wings abound in the sections and show a 
fairly great range in size from 18-75 to 
75 x 33-75 w including wings. Besides, a 
range in form of the body of the pollen 
grains is also met with, e.g. body smaller 
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than the wings, body larger than the wings, 
body oval, spherical or very much elongated 
or elliptical. Wings always smaller than 
the body, bladdery, granular or reticulate. 
The body of the grain in Text-fig. 28 is 
strongly arched on the dorsal side and the 
wings are outwardly projected. 


Sub-group — Alisporites 


Pollen grains with two flattened wings. 
A range in size of these grains is also met 
with. Size ranges from 25x 11:5 u to 
78:75 X 50-75 u. Body may be spherical or 
oval. Wings are either ventro-lateral or 
their bases are auriculate. Wings in latter 
case arranged symmetrically on either side 
of the body. 

Pollen grains with wings in ventro-lateral 
position are described under the species, 
Alisporites jurassicus Rao. 


Alisporites jurassicus Rao 
Text-figs. 29-31 


Body spherical, flattened, ventro-lateral 
in position. The pollen grain in Text-fig. 31 
measures 78:75 x 50-75 u including wings. 
Body alone is 33-75 (५ broad. 

Text-fig. 30 is similar to above, measures 
45-75 x 30-75 uw including wings. The small- 
est grain shown in Text-fig. 29 measures 
28-5 u. Twenty specimens present. 

Pollen grains with symmetrically arranged 
wings are described under the species, Ali- 
sporites auriculiformis Rao. 


A. auriculiformis Rao 
Pl. 2, Fig. 47; Text-fig. 25 


Body oval with two flattened symmetrical- 
ly arranged wings placed end to end to the 
body. Pollen grain 66x 34 u, body 37 x 
22 u. Ten specimens present. 


Sub-group — Podosporites 


The three-winged pollen grains are des- 
cribed under the species Podosporites tri- 
pakshi Rao. 


P. tripakshii Rao 


The pollen grains with three wings ( TEXT- 
FIGS. 32-35) are found in abundance next 
to two-winged pollen. The range in size 
noted is from 16-40 u. in length to 16-35 u 
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in breadth including wings. Body of the 
grains is generally spherical or elliptical. 
Dorsal wall is thicker. 

In several sections the three-winged pollen 
grains are seen grouped in a mass and 
sectioned in various planes. One of these 
(TExT-FIG. 34) measures 33-75 x 22:50 u 
including wings. The smallest three-winged 
grain ( TEXT-FIG. 32) measures 16 y. Pollen 
grain in Fig. 33 measures 22:50 p. Thirty 
specimens present. 


Sub-group — Tetrasaccus 


Pollen grains characterized by four sac- 
like swollen wings. The four-winged grains 
occur very rarely in our sections and have 
not been reported so far in fossil state. 


Type 1 
Text-fig. 36 


Body is more or less spherical and dorsal 
wall is thick. The grain measures 37:5 x 30 u. 
One specimen examined. 


Group — Intorta 
Sub-group — Entylissa 


TYPE 1 
Pl. 1, Fig. 31; Text-fig. 11 


Pollen grain ellipsoid or boat-shaped, 
31x15-6 u. Wall smooth, bearing a single 
longitudinal furrow reaching both the ends, 
ends narrow. Pollen grain twice longer than 
the breadth. Twenty specimens present. 


TYPE 2 
Pl. 1, Fig. 32; Text-fig. 19 


Pollen boat-shaped, 60x22 u. Furrow 
median, single with round ends. Wall smooth. 

Pollen grains in Text-fig. 15, 75 x 30 u 
with some cellular structure inside the body 
and the grains in Text-fig. 14 measuring 
56 x 36 (४ are similar to Type 2. Twelve 
specimens present. 


TYPE 3 
Text-fig. 20 


Pollen hemispherical, 100 in diameter. 
Furrow very broadly open, ends narrow 
and pointed, margin thick. Wall smooth. 
Single specimen present. 
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TYPE 4 
Pl. 1, Figs. 30, 33 


Pollen more or less ellipsoidal, 24-30 u. 
Wall with wrinkles. Margin of furrow wavy 
and narrowly open. 

Pollen grains in Text-figs. 6 and 10 mea- 
suring 24-28 » are similar to Type 4 in 
general features. These are found grouped 
and jumbled together, bent and twisted in 
various ways thus causing wrinkles or twists 
on the exine and resulting in the wavy 
outline of the furrow. These resemble re- 
markably the pollen grains of Williamsonia. 
The pollen grains in Pl. 1, Fig. 33, 1 and 2 
found profusely in our slides recall features 
of Cycadocephalus Sewardi Nath. Fifteen 
specimens present. 


Type 5 
Pl. 1, Fig. 29 


Pollen oblong, 35x25 u. Wall densely 
granular. Furrow fairly deep, narrow, broad- 
ly open in the middle with round ends. Five 
specimens present. 


DISCUSSION 
PTERIDOPHYTIC SPORES 


So far the groups of Pteridophyta known 
from their megafossils in the Jurassic of 
the Rajmahal Hills, Bihar, are Lycopodiales, 
Equisetales, Osmundaceae, Gleicheniaceae, 
Cyatheaceae and Marattiaceae. 

Spores described in the sub-group Reti- 
culatisporites recall in their features spores 
of present-day lycopods. Spore Type 2 
(Pr. 1, Fic. 18) is remarkably similar to 
that of Lycopodium alpinum ( Knox, 1938, 
p. 441, Fic. "7 ) and spöre” Type CPE 
Fic. 17) approaches L. scariosum ( KNox, 
1938, p. 441, Fic. 6). 

Setesisporites Type 1 (PL. 1, Fic. 13) is 
very much similar to Sporites magadenis Rao 
( 1943 ) which Rao believes to belong to the 
Lycopodiales and which he compares with 
that of Selaginella conferta. 

Lophosporites Type 1 (PL. 1, Fic. 12) 
approaches somewhat the warty microspore 
of Selaginella spinosa, S. plumea, S. mon- 
gholia and S. haematodes (KNox, 1938, 
p. 441). Spore Type 3 ( TEXT-FIG. 4) pro- 
bably approaches Saleginella picta ( KNox, 
1938, p. 441, Fic. 19). Comparisons of 
Type 1 can also be made with some Triassic 
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spores described by Daugherty ( 1941, Pr. 39, 
Fic. 10) which have short, thick and blunt 
spines. 

Of chief interest are the spores (Pr. 1, 
Fics. 10, 14-16) possessing an ornamenta- 
tion consisting of parallel and dichotomizing 
striations. Spores with somewhat similar 
ornamentation are met with in the Cyathea- 
ceae and the Schizaeaceae. The symmetrical 
arrangement of the striations differentiates 
the striated spores of Schizaeaceae from 
those of Cyatheaceae ( Knox, 1938, p. 456 ). 
The spores in Liratosporites Type 1 (PL. 1, 
Fic. 10, 14-16) in having asymmetrical 
arrangement of the parallel and dichotomiz- 
ing striations approach more the Cyathea- 
ceae than the Schizaeaceae ( cf. KNox, 1938, 
p. 453, Fic. 82). 

Bilateral spore with striations described 
under (?)Azonomonoletes Type 1 (Pt. 1, 
Fic. 24) is more Schizaeaceous. No bilateral 
spores are known in Cyatheaceae. Symmetri- 
cally striated bilateral spores produced by the 
genus Schizaea ( SELLING, 1944a, p. 6; Knox, 
1938, 9. 447 ) and fossil spores of this Type are 
already known from the younger horizons, 
viz. Palaeocene, Eocene, Miocene and Quater- 
nary (SELLING, 1944b, pp. 64-73). The 
spore in Pl. 1, Fig. 24, however, differs from 
the Palaeocene and Eocene spores referred 
by Selling (1946, p. 65) to Schizaeaceae 
in its fewer and wider striations. 

The megaspores described under two types 
of Dictyotriletes have been discovered for 
the first time from the Jurassic rocks of 
India. The casts of megaspores from the 
Triassic rocks of India were described by 
Sitholey ( 1943 ). 

The fossil megaspores described here from 
Nipania differ from the so far described 
Mesozoic megaspores in the exine ornamenta- 
tion. The distinctly reticulate and ridged 
reticulation of the Rajmahal megaspores 
described under Dictyotriletes, Types 1 and 
2, shows that the megaspores may be of 
lycopodiaceous affinity. 


WINGED POLLEN GRAINS 


Pollen grains bearing wings are also 
abundant in the Nipania chert. These 
comprise two, three and four-winged pollen 
grains. 

The pollen grains belonging to Pityo- 
sporites Seward range from very small to 
fairly large size. Amongst the winged 
pollen grains of the conifers, smallest occur 


125 


in Podocarpaceae, the range in size for the 
two-winged grains being from 27 to 45 u. 
In Abietineae the pollen usually measures 
above 50 u in diameter and the largest size 
may be up to 100 u or more ( WODEHOUSE, 
1935, p. 255): The range<in ‘size: of «the 
two-winged grains from Nipania chert is 
from 18-75 to 75 u. Perhaps the pollen 
grains described here are comparable with 
those of Podocarpineae and Abietineae. 

Two-winged grains belonging to sub-group 
Pityosporites have been dealt with in detail 
by Rao (1943a, p. 188) under the name 
Pityosporites nipanica Rao. A great range 
in the form and size of Pityosporites has been 
mentioned in the present paper. 

Text-figs. 23 and 24 are similar to the 
pollen grains of Masculostrobus rajymahalense 
Rao ( 19439, 9. 123 ), the only petrified male 
cone hitherto known from Nipania. 

The pollen grains belonging to Alisporites 
Daugherty have also been previously re- 
ported by Rao ( 19433, pp. 185-188) from 
Nipania chert. The specimens described 
here are similar in form to Rao’s specimens 
but they vary in size. Such pollen grains 
are not known in the living conifers. 

Three-winged pollen grains are produced 
by some of the Podocarpineae, viz. Podocar- 
pus dacrydioides, Pherosphaera Fitzgeraldi, 
P. Hookeriana and Microcachrys tetragona 
(WODEHOUSE, 1935, 9. 279, 9. 280; THomson, 
1909, p. 26, ERDTMAN, 1943, 9. 134). Be- 
sides, in Abietineae three and four-winged 
grains are occasionally produced in Abies 
balsamifera ( \WODEHOUSE, 1935, 9. 264), 
Pinus tuberculata (WODEHOUSE, loc. cit., 
p. 258), P. excelsa ( WODEHOUSE, loc. cit., 
p. 261; Purı, 1945 ), Cedrus deodara ( WODE- 
HOUSE, loc. cit., p. 261; ERDTMAN, 1943, 
p. 130). But the three-winged pollen grains 
from the Nipania chert hardly reach the 
minimum size of the grains of Abietineae 
which is 50 u. Phaerosphaera Fitzgerald: 
also produces four or five-winged grains in 
addition to the three-winged ones ( WODE- 
HOUSE, loc. cit., p. 279, 280); so also Micro- 
cachrys tetragona produces two, three and 
four-winged grains (THOMSON, loc. cit. 
p. 26, Pr. II). The three-winged pollen 
grains shown in Text-fig. 33 approach the 
smallest three-winged grains found in Pheros- 
phaera Fitzgeraldi. Pollen grains of P. 
dacrydioides are comparatively larger than 
the Nipania specimens. From Nipania Rao 
( 1943a, pp. 182-185 ) described three-winged 
pollen grains under the name Podosporites 
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tripakshi Rao. In size and other characters 
the specimens described here approach those 
described by Rao. 

Tetrasaccus type of the pollen grains are 
found very rarely in the chert. At present 
it is not possible to say whether the Tetra- 
saccus type of grains were produced along 
with two and three-winged grains by the 
same microstrobus, as is found amongst 


some of the living conifers such as Pheros- — 


phaera Fitzgeraldi and Microcachrys tetra- 
gona, or they were produced by a plant 
producing four-winged pollen grains only. 


CYCADOPHYTIC POLLEN GRAINS 


The Cycadophytic pollen grains occur in 
the Nipania chert as profusely as the winged 
pollen grains and the Pteridophytic spores. 
Such pollen grains are found in Cordaitales, 
Bennettitales, Cycadales and Ginkgoales. 

The Entylissa type of pollen grains des- 
cribed here present a variety of forms 
and sizes. They are all characterized by 
smooth surface except where the exine 
bears wrinkles or folds due to bending or 
twisting of the grains as in Entylissa Type 4 
(PEL Kies +30, 33% Lext-riess 6.10), 
These resemble very much the pollen grains 
of Williamsonia and are remarkably similar 
to those of W. spectabilis figured by Nathorst 
C1909 TAF 22 8 ies. 52105 Tan 2 Ries, 
12, 11) and also those of Cycadocephalus 
Sewardii Nathorst (loc. cit., TAF. 8, Fic. 4). 

The exine of the pollen grains in the 
modern Cycadaceae are rarely smooth as in 
Zama. But in Ginkgoales they are always 
smooth. Entylissa Type 5 in Pl. 1, Fig. 
29, may approach somewhat the spores of 
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Ginkgoales. Grains represented by Type 1 
(Pr Fc 31 Texreiggn ) are twice as 
long as broad and in this respect differ from 
those of Ginkgo which are one-third longer 
than broad and those of Cycas which are 
slightly or not at all elongate ( WODEHOUSE, 
1935978022: 

Rao ( 1943a, pp. 191-192 ) described from 
Nipania a Cycadophytic grain under the 
name Sporites navicula Rao. Entylissa 
Type 2 ( Pr: 1, Fic. 32, Ex res 975 
described here is very much similar to Rao’s 
specimen but for the differences in their 
dimensions. 

The pollen grains of Sahnia nipaniensis 
Vishnu-Mittre ( 1953, p. 78), the male flower 
of the Pentoxyleae, also appear to be cycado- 
phytic in nature. 

The megafossils of Cycadophyta are com- 
monly found in the Rajmahal Hills. The 
bennettitalean genera known from the Raj- 
mahal Hills include Williamsonia, Ptilophyl- 
lum, Bucklandia, Dictyozamites, Nilssonia, Oto- 
zamites, Cycadinocarpus, Zamites, Pterophyl- 
lum, etc. Remains of Ginkgoales have also 
now been reported from this area ( SAH, 1952, 
1953; MEHTA & Sup, 1953 ). 
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EXPLANATION OF PLATES 


Magnification of photomicrographs 500 times except mentioned otherwise. 


PLATE 1 


1-4. Trilete spores with smooth walls. 

5-7. Trilete spores with granular walls. 

8,9. Trilete spores with vermiculate sculpturing. 
Fig. 9 x 330. 


10, 14-16. Trilete spores bearing asymmetrical 


parallel and dichotomizing striations. Fig. 10 x 
300. 

11, 12. Spores bearing tubercles. Fig. 11 x 750; 
Bice 2 <5 50! 


13. Spore bearing spines. 

17-20. Spores bearing ridged reticulation. 

21-23. Spores bearing unridged reticulation. 

24. Bilateral spores with parallel, dichotomizing 
striations. 

25, 28. Spores dehiscing by a single slit into two 
equal halves. x 550. 

26. Spore bearing interwoven projections. x 350. 


27. Spore bearing concentric rings. x 350. 

29, 31, 32. Smooth-walled pollen grains with a 
single furrow. Fig. 31 cf. Text-fig.11. 

30, 33. Pollen grains with a single furrow and with 
folds on the wall. 


PLATE 2 


34, 35. Megaspores. x 200. 

36. Monolete winged spore. 

37. Alete spore with ridged reticulation. 

38. Exine pattern in spore in Fig. 37. x 800. 

39. Spherical spores, with smooth walls, grouped 
into two. 

40. Spherical spores with folds on the wall. 

41. Spherical spores with smooth walls. 

42. Alete winged spore. 

43-47. Two winged pollen grains. 
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REVIEW 


WALTHER GOTHAN AND HERMANN WEy- 


LAND— 1954. ° LEHRBUCH DER PALÄo- 
BOTANIK”’, 535 Pp. Akademie Verlog., 
Berlin. 


This is a new and completely revised 
edition of the earlier ‘‘ Lehrbuch der Paläo- 
botanik ” (1919-21) by W. Gothan, now 
written jointly with H. Weyland. The text 
is written in the German language, but there 
are enough illustrations to make it under- 
standable to those who have only some 
working knowledge of this language. 

The subject is treated from the botanical 
aspect. The text is arranged groupwise — 
under Thallophyta, Pteridophyta, Arti- 
culatae, Lycopodiales, Gymnosperms and 
Angiosperms. There are separate chapters 
for Fungi, Bryophyta, Water-ferns and Gne- 
tales, which serve to draw attention to the 
fossil history of these groups which is less 
known. A good feature is that the Angio- 
sperms are dealt with in detail. Information 
about the fossil plants of nine orders of 
monocotyledons, twenty-three orders of 
Archichlamideae and eight orders of Meta- 
chlamideae is given. A chapter on Angio- 
spermous woods will be found useful by 
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those who are interested in the anatomy of 
fossil woods. At the end of the book there 
are useful chapters on characteristic floras 
and plant geography in different geological 
periods, ecology and climatolcgy of the 
earlier floras, and phylogeny and morpho- 
genesis of plants. 

The authors have tried to make the text 
as up to date as possible. Mention has been 
made of the discovery of fructifications 
of Glossoßteris (1952) at the end of the 
book. However, some omissions become 
obvious. For instance, under the Gymno- 
sperms mention should have been made of 
the Pentoxyleae, a new group of gymno- 
sperms established by Sahni ( 1948). Simi- 
larly recent researches in the group Coenop- 
terideae which have changed the old des- 
criptions of some of its members should 
have also been given. 

These are, however, minor criticisms. 
There is much that is extremely good and 
commendable in the book which will be 
useful even to the advanced students. 

The paper, printing and binding are of high 
standard and much useful matter is com- 
pressed inside a single volume. 
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NOTICE TO CONTRIBUTORS 


Manuscripts sent for publication should be typed double spaced throughout, and without 
many corrections, on one side of the paper only. The articles should be written in English, 
French or German, preferably in English, and must include a brief abstract in English. 


For citations of literature, headings, legends of figures, etc., the style used in the current 
issue of the journal should be followed. Footnotes should be avoided as far as possible. 


Illustrations — The illustrations, both photographs and drawings, should be kept as 
few as possible. Photographs for halftone reproduction should be glossy, black and 
white prints. They should be trimmed to the exact shape and size desired in the re- 
production and mounted firmly on white cardboard. The space occupied by the photo- 
graphs in a plate should not ordinarily exceed the printed area of a page, namely 20-7 by 
14 cm. The numbering of the figures on the plate must be done in pencil; magnifications 
need not be given with the figure numbers on the plate. 


Drawings should be made with pen and India ink. They should be grouped and mounted 
on white cardboard for reduction to the width of a single column (6-7 cm.) or to the full 
width of a page (14 cm.). Drawings need not be very large; they should be made for 
reduction to one-half or one-third size. Drawings to be subjected to different degrees 
of reduction should be grouped separately, and the reduction desired should be indicated 
clearly below each group of drawings. The drawings should be numbered in pencil. 


Each plate of photographs, line drawing, or group of line drawings should bear the 
name of the author. 


All the illustrations must be accompanied by legends which include the magnifications 
and registered numbers of the type specimens. The magnifications must refer, where reduc- 
tion is desired, to the figures when reduced and not to the original drawings or photographs 
prepared for reduction. Where a figure is natural size or will be so after reduction, this 
should be indicated by the words “ natural size’’ in the legend. As far as possible the 
photomicrographs or drawings of spores and pollen grains should be made to the same scale. 
The legends to the plates should be given under the heading “ Explanation of Plates ”. All the 
legends to drawings or photographs for reproduction as text-figures should be typed on one 
sheet and not on slips of paper attached to the individual text-figures or text-figure groups. 

Tables — Tables should not ordinarily be larger than can be accommodated in the 
width of a single printed page. Columns in the table should be indicated clearly, if 
necessary, by means of ruled pencil lines. The approximate position of each table should 
be indicated in the text. 

Scientific Names — Both generic and specific names should be underlined in the type- 
script to indicate italics. Names of orders, classes and families are not to be underlined. 

Proof — Authors will be sent one galley proof which they are requested to return 
promptly. Authors may be billed at cost for too many alterations in proofs other than 
corrections of printer’s errors. 

Reprints — Authors will receive 25 copies of the reprints gratis. Additional reprints 
will be furnished at cost. Reprint order should be sent with the corrected galley proof. 

Name and Address — The name and address of the author should be given at the begin- 
ning of the manuscript. Change of address should be communicated to the Secretary of 
the Editorial Committee immediately. 


